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INTRODUCTION 


General plankton investigstions on the American Atlantic 
coast have been confined largely to the region near Woods Hole, 
Massechusetts. Of the older works, the two most important and 
comprehensive are Bigelow's detailed account of the plankton 
of the Gulf of Maine (1926) and a paper by Fish (1925) cone 
cerning the seasonal distribution of the plankton at Woods 
Hole. Bigelow's paper culminated a series of plankton reports 
of the area and includes Giscussions of 2 great many species 
of the phytoplankton and zooplankton. He is chiefly concerned 
with the horizontal distribution of the plankton groups in the 
Gulf, but includes much information es to vertical distribu- 
tion and seasonsal abundance. Some quantitative estimates of 
certain groups are given which are expressed as the number of 
organisms contained in a column underlying an erea of weter 
one meter square. Fish gives the seasonal distribution of a 
number of planktonic orgsnisms at Woods Hole, but his graphs 


are based only on relative numbers. Clarke and Zinn (1937) 


= a A  —— 
i ia Raa teed an . j ¥ h 
hy (Mee # ‘W 
; aor 3° ne 
7 a oy Peat 
sf ae f aA 
Hh 4 i ‘ toes 
eS > Mea 
ae 
: 7AR 
neh im | 
is 4} eid oy : 
. ee ; : 
| 
‘ 
fs : 
My hee 4 
; Wate ide at Ma 
fi : 
? 
. 


wate emiMt OF 


cameron: tented “eet Ao eaeki sate 36 vat desiinihtg il 
aieH aboow LAs moty ort aad od ‘Yon boahtnry as 
tbcton sntiioia Pao Oey One |, wahEOs 4o5%0 ot ro a 

against StF Mo Iusedo.r ‘per inses ae ere , 

tio (sseL) MONT yd? C9) BO ns bee ste) sitter te” 

aboav *y dn mb tata fic. tei to ab Leones fanceasa & 
aot: souht atdtishe to edfiee » Neseniakeo ‘tise eh ats 

Hey Piet ae orat baerny: ‘te ane Pe a agho age oni oat” Sind 
hastregnas ‘eit ‘tat ar e ‘sfted tnolooos Bas aodins 
atts’ vet ntborts aovaniete eid ts gotivdtadegs Lataos 20 r 

“i dfidets Laat he ot we nots esto Tad ‘Moma’ asbudon 

ei: wot ae ittes: evitedlineep ‘aioe sacitiaaide’ fates 

to qoriedits odd we Berastaxs aie do hee mov ba ons a 

‘tetew Yeo BOER ew: style nu moa 8 ak bead 

id io” nod ig tide ey Lea0déan’ aga ao ia det 7 

erie ata dni arbi dboo®: date oj Leggy’ ; 
“fveer) watt pan Say eun’ ereteo  svtinces a 


————— Vo 


3 
reported on the eeasonsl production of nooplenkton at Foods 
Hole. They cliseugsed only = few species and deslt mainly 
with Calenus Lingarchicus (Gunner). Their resulte were ee, 
pressed as the number of orsahheme per thirty minute heul, 
the volume of plankton efter settling for one month, and the 
number per liter of water. Sigelow end Seare (1939) made « 
volumetric study of the cooplankton in the ares extencing fron 
Cape Cod to Chesapeake Bay an which they studied the horizon- 


tal distribution of a nusber of species. Their resulte ere 


expressed as “ee. per 20 minutes towing with a lemeter net 
at an asaumed epeed of 1.9 knote." Information is tneluded 


me tO seagonal distribution, 


Recognizing the need for *® more seourste aethod of ob- 
taining plankton samples and the need for standardisetion of 
results, Clarke and Sumpus (1940) devided ® plankton sampler 
whidh “measured” the water passing throughiea net. ae water 
passed through the net, 1t esuged « propellor, aounted in the 
houth of the net to revolve. The revolutions registered upon 
& oyclometer. Thie appsratue was callbrated for a known 
Volume of water paseing through the net per turn of the pro- 
pellor. The Clarke-Sumpus sempier has been used by e number 
of investigetors who heve seleéted the number of orcganieas 
per cuble meter ac « standard (Riley 1959} Clarke 1940; 
Clarke, Pileree, and Sumpus 1947; Whiteley 1(438). | 

Recent quantitative investigestions in the *oods Hold@ ares 
have tended away from etucles of numbers of individusl groupe 


or epecies and heve been neinly concerned with over «11 rele- 
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4 
tionships. Riley, Stommel, and Bumous (1949) have just com--- 
pleted a comprehensive mathematical analysis of the ecological 
factors affecting the plankton as a whole. This analysis is 
based upon the results of a number of years! gudies of the 
date of others ag well as their own and is the latest of a 
considerable series of papers on the topic, Whiteley on the 
Other hand, published in 19498 on the Gistribution of larger 
planktonic Crustacea of Georges Bank off Cape Cod, the site 
of many marine biological investigations, 

Some plankton work has been done in Chesapeake Bay. 
Cowles (1930) made a general survey of the marine life and 
hydrographic conditions in the Bay in which were included ob- 
servations on the plankton. He discusses the Gistoms quenti- 
tatively; the zooplankton id€ listed as to species with notes 
om occurrence and relative abundance. Worse (1947) made a 
two year study of the plankton in the same area with perticulsr 
reference to the phytoplankton and protozoa, She gives time 
of seasonal appearance of a considerable number of species of 
Gietoms, dinoflagellates, and cilistes, Most of the rest of 
the zooplankton is grouped as Cladocera, Copepoda, Ostracoda, 
annelid larvae, etc. Quantitstive meterial is given, besed on 
percent of total plankton, with graphs of tintinids, rotifers, 
copepods, immature forns, Ginoflasellates, and a number of 
species of diatoms. 
Exeept for 2 few total zooplankton counts meade by Riley 
(1938, 1939) off South Flofida for comparative purposes with 
northern productivity and some plankton notes by Davis (1948) 
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5 
in south Florida, relatively little hes been dehores the At= — 
lantic coast from @hesapeake Bay southward. 

It may be seen thet a considerable gap exists in the know- 
ledge of the plankton of the Atlantic coast both quantitatively 
and qualitatively. Except for the rather intensive work done 
in the Sew England sree relatively little ie known of the 
plankton of the more southern portions of the coast. In ed- 
dition to this it was felt that ean investigation of the plank- 
tonic feuns of Beaufort was needed. Although there sre three 
marine laboratories in the ares, relatively little hese been 
done with the plankton, and it wes hoped thet a study of this 
type might help make wey for further investigations of this 
@roup which is so important in the economy of the ocean. In 
addition to the lack of loeal information, the area is of par- 
ticular interest because of the proximity of Besufort to Cape 
Hatteras which has long been felt to be the "dividing line" 
between northern anc exsentielly southern faunas, It is off 
Cape Hatteras thet the Gulf Stream with its attendant warm 
waters swings away from shore. 

Accordingly, the present two-year study was begun in Au- 
gust 1947 with the following objectives in mind: to gain some 
idea of the composition of the zooplenkton both cquantitatévely 
end qualitetively at Beaufort, and to determine how the zoo-_ 
plankton is distributed with respect to time of year and cer- 
tain ecologicsl fectors such as temperature, salinity, trans- 
perency, and pH. 


Supplementary meberial from adjecent areas wes examined 
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for comparative purposes, Collections ih daiewhton weds dis 
died from the ocean, Pamlico Sound, and Bogue Sound. It was 
hoped that these would be of sid in explaining the presence of 
some of the plankton constituents at Beaufort. 

Wore attention has been given the copepods in this investi- 
gation because they are numerically the most important group 
of zooplankton examined anc because of the autho?'s special 


interest in this group. 
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MATERIALS AND METHODS 


Most of the piankton sesmples studied in this investigs- 
tion were taken in Beaufort Chennel near Shark Shoal where 
the water wae 25 feet deep. This site wee selected for rea- 
Bons oF accessibility, central location to nearby sounds, and 
proximity to the ocean, It was also hoped thet the relatively 
strong tidal currents found there would reduce vertical strati- 
fication of organisms. Sand grains were frecuently taken in 
the tows which were undoubtedly stirred up from the bottom, 

Collections from Bogue and Pamlico Sounds as well 2s many 
of those in the ocean were meade entirely by the investigators 
of the University of North Carolina Institute of Pishertes 
Research from their research vessel, the Penny, in connection 
with a shrimp survey of locel weters. The remainder of the 


samples taken in the ocean are from collections made from the 


we 


lonly » portion of the plankton results of the Albstross TIT 
is reported herein. The remainder will appear in a subsequent 


paper. 


Sta. 


. iY t 
bee “7 
¥ 


an a ChE, i! > Fu pa Alc 
& 


ber (whoa ydeben oy Aottoue f 


Fs 
ie 

= 
bw 

a 


ee cite: 
als ate: Lop tua sashes 


yriene & 


ars rtm? 


” 


ei diane’ 
eid meat? 
4 Siew 


eeent wit ye Lleitine shen ere nagob eee 


a! 
ie 3 “he 
nl * 
my ne} 4 3 ¥y a 
, . 
wl to Abie wank BA 
a alee 
& i 5 i > 
c $4 Bas 8) 


oe Pee el 
“on me 1 et Tas 


te 


" i ab : 
om aps: p Te | 
we bee war . ves 


Hil cofieey bae awhed. aed emok 
Pe 


Chi 


erin) een eee nex 


cents “eae % asnanxsed 


7190 wale ogo 2he lage” 


ae Lert we nntee Be ott 


Lontqee cut edreewns 


iy E « aa oT teeod att oe 


beritve viberduebtax siete na 


; 
gt Bie 


avbapdet® Ye asst Sent epet Lowad idol Ye vai tevew al 


HOLS 2600 


en? Le te bentinanere oa? ae ty isoek ‘Te yoru | 
eit mowt eben 


5: apt 


_ _tatupe ae > mg “uate 9 


ature} ects 


SaetPowi Doo mony 9th ikon Sad AZ” 


a We 
f Cs 


ait ee one 


enna iassiid Ye)" 


Lite: pani uses see | : t 


Albatross TIT during a recent survey of offshore Ceroline 
waters sponsored jointly by the U.S. Fish and Wilelife Ser~ 
vice, the Institute of Fibheries Research, and the Woods Hole 
Oceanographic Institution. 

The laboratory work was carried out at the Buke University 
Marine Laboratory on Pivers Island near Beaufort and at the 
Department of Zoology of Duke University at Durham, North 
Carolina. 

An attempt was mede to make the Beaufort observations at 
two-week intervals at both high and low tides from August 1947 
to August 1949. No samples were teken during the latter part 
of November or December, 1948, or during the early part of 
January 1949. Plankton tows were made with a Clarke-Bunous 
sampler (Clarke and Bumous 1940) equpped with a net size of 
120 meshes to the inch (No. 10). The net was towed avproxi- 
mately one meter below the surface at 2 speed of about four 
knots. An average of 1100 liters were strained at each samp- 
Ling. 

At the time each plankton sample was taken, observations 
were mace of water and sir tempersture, water transparency, | 
hydrogen ion concentration, and general meteoroloeical condi- 
tions. Water transparency was measured with a Seechi dise and 
ali observations were taken after sunrise and before sunset 
(gee discussion of this method under “Hydrographic Observa- 
tions"), The pH was teken at the site of the plankton tow by 
means of a Lamotte “block comparator", using cresole red as an 


indicator. Meteordlogical observations included force and 
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Girection of wind, estimate of cloud cover, and presence of 
absence of precipitation. Water semples were taken back to 
the laboratory for salinity,;,and later in the investigation, 
for oxygen determination. A set of hydrometers was used for 
the determination of salinity in conjunction with Enudsen's 
tables. Oxygen samples were first treated at the place of 
sempling and then in the laboratory, according to a modifica- 
tion of She Winkler method commonly used with salt water 
(Thompson and Bobinson 1939). Plenkton seuples were oreserved 
and diluted to 100 ml. in the laboratory with 5¢ formalin. 
Counts 6f the plankton samples were made es follows: 

after thorough mixing and shaking of the 100 ml sample, four 
milliliters were withdrawn with a rendom sempler. This 4 ml 
sample wes centrifuged to concentrate 1t and the compdénenta 
of the centrifugate counted in a ruled cell under 2 compound 
wlereschpe, Counts were expressed in number of orgenisms ver 


cubic meter of sea water by the use of the following formulas 


number/m 


where: 
N number of organisms per 4 ml sample 
R number of revolutions of propellor 
C ealibration of propellor in liters/A 
After counting the aliquot sample, seversl portions of the 
remainder of the tow were examined for rare specimens which 
might not have been included in the 4 ml sample. ‘Such specimens 


were recorded as "“present®. Protozoa and ctenophores #erennot 
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10 
counted. | 
As a test of the validity of the sampling method, nine 
successive tows were taken around a small drifting buoy (to 
insure the sampling of the same area of water) and four groups 
of organisms in the samples were counted in the prescribed ; 


manner. The results of these are given in Table I, 


Organigms 
No/m 

Tow Parecalanus Olthona Nauplii Euterpina 
nde 4673 8229 1597 556. 
B 5958 2451 1646 §35 
Cc 4355 2793 1889 576 
D 4495 2487 1597 569 
E 4750 27o6 1743 451 
F 4409 2305 1667 493 
& 4715 £708 1528 493 
H 4215 . 2576 1535 849 
2 §291 2736 1653 514 


fable I. Counts of consecutive plankton tows 
taken in approximately the same ares of water. 


All populstion graphs and tadles are a result of averages 
of logarithms of the original number per cubie meter, uniess 
otherwise stated. The antilogarithm of these averages (geo- 
metric means) were found and the numbers (in No/m°) were ex- 
pressed in the tebles or on semilogarithmic paper for the 
graohs, The term “meen” is used throughout tais paper to 
refer to these geometric means. The term “average* will denote 
an arithmetic mean. 

Only the Beaufort materisl was collected on a quantitea- 


tive basis. Plankton tows in Bogue Sound were wade from the 
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a1 
pier of the Institute of Fisheries Research with a number 
20 net, those in Pamlico Sound end certein others in the 
ocean were nade fron the Penny aleo with a number 20 net. 
These collections were surface tows. Samples of these tows 
were counted on @ relative basie to estimate percent composi- 
tion of the constituents. Beesuse of the relative coarseness 


of the net ueed on the A TIT (OXX 2XX net), this mate- 


rial is good only for the larger planktonic forms. Uany smali 
me ITT 


forma such as nauplil were not retained. Ali A 


plankton tows referred to in this study were vertical hauls 


from various depths rather then surfece collections. 
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HYDROGRAPHIC OBSERVATIONS 


Beaufort Iniet 


A record of teuperatauree (high and low tide averages) 
taken during the period of observations may be seen in Pigure 
1. Aieo ghown for comearieon are the teaperatures found at 
Beaufort by Guteell (1931) and HeDougell (1943). Guteell's 
figures represent five year means (1924-1928) of agonthly 
wexines and minima beeed on one reading dally at the U.S. Fish 
and Wildlife Laboratory. ‘HeDougell’s information le of month 
a¥ Beane taken from March 1941- Februrry 1942 at the Duke 
Warine Laboratory. Exeept for whet wee apparently an umususi-~ 
ly cold winter in 1945, if compared with Guteell's “averace 
teuperatures*, the present findings co not appesr to vary 
redicalily frow what might normally be expected. The winter 
teaperaturee recorded by MeDougall were nearly ae cold, Gut- 


sell has recorded temperatures as low sa 3°C for January. 
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14 
The maxima, minima, and averages (6) for low and high 


tides found in the present investigation were as follows: 


Maximum Hinimua Average( total) 
High tide 28.5 July 24,'48 5.5 Jan.2Cc,'48 13.6 
Low tide 29.9 July 23,'468 4.5 Jan.20,'48 19.8 


High and low tides as an average did not differ greatly in 
temperature. Low tide temperatures, however, were somewhat 
lower in winter and higher in summer. These differences are 
probably due to mixing at high tide with ocean water of more 
Stable temperatures and to warming (or cooling) of low tide 
water on flats. Influxes of fresher waters as well as eva- 
poration rates might also influence low tide temoeratures, 

Figure 2 shows a coliparison of monthly averages of Woods 
Hole (after MeDougell 1945 from Sumner et a1. .1915), Beaufort 
Inlet (Gutsell 1951), and Miami Beach (U.S. Coast and Geodetic 
Survey 1947). It may be seen that the Beaufort record is in- 
termediate between the other two. Its range overlaos the 
others and there are et certsin times of the yeer agreements 
of temperature with each of the other two localities. That is, 
the summer temperatures eat Beaufort are similar to winter tempe- 
ratares at ilami Beach and winter temperatures at Beaufort are 
Similar to summer temperatures at Woods Hole. Figure 3 shows 
these tempereture ranges in a different form. 

The teras “tropical” and “northern® will be used here in 
& broad sense, There is no attempt being made to establish 
ecological regions, for that is not the object of the present 
study. However, for the purposes of this paper “tropical” is 


used to indicate warmowaters (year round témperature usually 
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Figure 3. Average temperatures renges for | 

Mismi Pesach (#8), Beaufort (8), Yoods Fole (WH). 
greater then 209°C) generally assocleted with low Jatitudes 
guch es southern Fiorida southward. “‘Northern® indicates 
colder waters es of the Yoods Hole area and northward, with 


temperatures uaually below 20°C the year round, ‘*Teaperate* 


#ill indicate intersediates between these two. 


Salinity 

fhe gnlinities observed over the two-year period in this 
investigetion are shown in Figure 4 together with sonthiy 
averages of those obtained by Guteell (1951) from 1924-1928, 
fhe low anlinities of winter and early aoking in 1945 eorres- 
pond to « series of umusually low tides. High and low tide 


peaks obtained st Beaufort Inlet follow (9700): 


| Raxiaa Sinime Average(total) 
High tide 36.4 Aug.29,'43 26.1 Mar.i6' 4a $1.9 
Low tide 86.2 4ue.12,'48 17.7 Ber. 15'43 3.7 


Guteell recorded extreses of enlinity s@ low as 60/oo and ss 
high sae 3836/0. 
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Higher selinities in aummer and lower in winter. DLfferen- 
tlel evaporation rates in winter and summer are poseibiy a 
factor in Gaia &8 well as the oremsence of greater or leeser 


amounts of oceanic water from Onslow Bay (Figure G) caused 


by winds. Aleo ta be considered are the ehifting of offshore 


clreulation anc the fluctuations of land runorr tarcugh Beaue 


fort Iniet. Higher temperatures enc salinities were sore or 


less concurrent ae shorn in Pigures. 
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Figure 4, Aversges of salinities 
eGincicent with tenrerstures. Mus 
berg sbove columns indicate numbers 
of observations, 


sinee the aslinity of Beaufort Inlet is lower than thet 


of Onslow Bay (33-250/o0), Cliation by precivitation or land 


runoff ig incicated. Inapectinn of Figure 7 of monthly ore- 


eloitation totals at Borehead City (U.5. Department of Come 


meree, Weather Bureaw 1947, 1946, 1949) end compsrisen with 
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Figure 4 shows that diret preciplitetion ie not the mejor 
factor in eslinity trends at Beaufort for the period of ab- 
servation, Otherwhse the salinity and precipitation would 
show closer correlations particularly in September 1947 and 
July and August 1949 when precipitation wee highest, 

in Figure 4 may be seen the water runoff values (monthly 
averages) for the Neuse River at Kinston, North Carolina (U.S, 
Geological Survey, personal communiestion). ‘The runoff charac- 
teristics of the river at Kineton (60 miles from Beaufort) may 
possibly be sometthat simller to those of the North and Newport 
Rivers at Beaufort Inlet (Pig. 5). A relatively good correla 
tion may be seen between times of low salinity and heaviest 
runoff, Perhaps a better comparison is the North Pact Cape 
Pear River which hed almost exactly the amme runoff character- 
istics as the Neuse except of course for volume (U.S. Geological 
Survey, personal communitestion). This river drains an area of 
approximately 600 square miles most of whieh lies within 50 
miles of the ocean, All the area liee on the corstel plain. 
The recording station is at Chinguapin, North Carolina, about 
68 miles west of Beaufort, but within 26 milee of the coast. A 
Gimilar relationship was found by Beaven (1946) in Chesspeake 
Bey. The U.S. Geological Survey maintains no runoff recording 
Stations: nearer to Besufort that thet at Kingston. 


The cuestion hae been raised as to whether the Seechi dise 
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is en sdequate method for the meesure of water transparency. 
Poole and Atkins (1929) discussed the relative merits of this 
technique. They found that an estimate of the extinction co- 
efficient could be determined by an apolicstion of the proper 
formula. Their findings were based on comparisons with photo- 
electric cell readings, and they recommend the use of the 
following: Extinction coeffielent=1.7/D, where Dis the 
aenth in meters at which the Secchi Gisc Just disapnecre. 
Poole end Atkins point out thet the visibility of the Gise is 
independent of the illumination in air within wice limits be- 
esuse of the adentebility of the human eye to reletive amounts 
of light. Bumpue and Clarke (1947) mede further studies with 
the two nethods of determining water transparency and found 
Scood egreement" between chotometer resdings and Seechi dise 
observations. ‘They verified the mathematical relstionship © 
between the two end used the above formule for eonversion of © 
Secchi disc measurements to extinetion coefficients. ; 

Figure 8 shows graphically the weter transparency over 
the two-year period of observation. The following tidal 


differences in water transpareney were found (extinction 


coefficient): 
Mexina Hinime Averages(total) 
High tide 3,09 Jan. 2748 @.46 May 31,48 0,85 
Low tide 9.93 Feb. 22'48 0.47 Oet.17,'46 1.21 


An aversge lower extinetion coefficient for high tide indi- 
cates more transparent water. This is what mkght be expected, 
for at high tide there was presumably more ocean water lof 


greater transparency) oresent in the inlet. 
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EXT. COEF. 


17.7 221 265 310 354 
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Figure 9. Averages of extinction esefficients 
colncident with salinities. Numbers above co- 
duane indicate nuubers of observations, 

A eorreletion was found between selinity end transnerency 
(Figure 9) in that water of hicher salinity was on the average 
more transparent. The reason for this ta possibly thet water 
of higher salinity had ea hicher admixture of ocean water 
whieh is clesrer then that in the sounds. Although the cor- 
relations were not as marked as those with salinity, higher 
Values of extinetion coefficient were generally coincident 
with higher temperstures. 

It wes founée thet winds blowine, from west, north, or 
beater iy Girectionse (offshore) were generally accompanied by 
@ decreased transparency, probably because of etirring up of 
locel shallow waters. The reverse was true of winds blowing 


in from the ocean (southerly). 
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encountered in Seaufort Inlet. These mave been corrected for 


salt error according to Harvey (1945). The msximea, minime, 
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enc averages of high anc low tide observations are as follows: 


Maxima Miniae qreregent teitek) 
High tide 8.3 May 23, '49 7,.9(5 occurrences) 6,0 
Low tide 8.2 Oct.4, +48 7.6 Nov,.20,°47 7.8 


These ranges are within the limits given by Sverdrup et al. 
(1942) which are 7.5 to 8.4 for sea weter. Harvey (1945) 
places these limits at 8.0 and §.3 for open ocean, and indi- 
eeates that devietions from these sare found under special con- 
Gitions such ss shallow waters where variations of temoersture 
and salinity are considerable. 

Although the correlations were not clear, in general 
higher pH values were associsted with greater transparency, 


higher salinity, and higher temperatures, 


Oxyeen 
For «= few months in 1949 the oxygen concentration was 


checked. Table II shows the results of these observations. 


Pate Tide Ooml/1 @ Saturation 


May & High 5.12 97 
Hay 7 Low 4.56 35 
May 23 Low 4.72 93 
May 23 High 4, 36 " 86 
June 15 High 4,72 93 
Jane 14 Low = - 
June 30 Low 4,00 84 
July 2 High 4,80 a7 
July 15 High 4,43 96 
July 15 Low a. 92 
Aug. 1 High 4,32 94 
Aug. 2 Low 5.63 78 


Teble II. Observations on the concentre- 
tion of Of in 1949. Beaufort Inlet. 


It will be noted that the percent saturation was 
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relatively high, as would be expected of surface water in 


More or less constant contact with the atmosphere. 


Related Areas 


Table Tit shows conditions which occurred with some plank- 
ton tows mace for » few months in 1949 at the pier of the 


University of North Carolina Institute of Pisheries Resesrch, 


Water Salinity Ext. 


Tow No. Date Pi de Tewp. °C of oo Coef. 
1 March 15 Low 12.3 29,3 O; 7% 
2 March 22a Low L737 oLes C777 
Pi April 15 Low 20.5 20,35 ou Lo 
4 April 21 High 18.92 32.9 1.06 
9 Aprii <2. Low 15.4 eee die ok 
6 May 11 = 21,9 30:5 0.94 
7 June 17 Low 24.2 29.2 ee § 
Bissee June 20 Low 27.93 23.4 1.42 
9 June 20 High 23.6 29.0 L7G 


Table III: Some hyérogravhic conditions observed with 
plankton tows taken at the pler of North Caroline Insti- 
tute of Fisheries Research, 1949, 


To give some idea of the hydrographic cencitions encountered 
in Pamlico Sound, date are given from two stations (A and B, 
Figure 11) in Tables IV end V, 

If the salinities are compared with those obtained at 

Eesufort Inlet, it msy be seen that those found in Pamlico 
Sound are considerably Lower. Some readings taken in the 


mouth of the Pamlico River were as low as 3 or 4 o/oo. 
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Salinity Ext. 


Date Temp, °C 0/90 Coef, pH 
dune 16, 1948 26.0 40.8 1.06 - 
July 15, 1948 27.2 14.1 +O 
Sug. 16, 1948 27.0 17.6 Look 8,1 
Sept. 16, 1945 24.5 20,3 1.2h 84D 
Oct. 14, 1948 19.46 16.8 0.81 ~ 
Dee. 8, 1948 14.8 8.0 & BE - 
Dec. 18, 1948 11.8 14.3 0.74 = 
Jen. 19, 1949 16.5 et a = 
Mer, 2, 1949 8.7 3.7 Bede - 


Table IV. Hydrographic conditions found neer Judith 
Isiand, Pamlico Sound, North Carolina (Sta.A, Fig.l)... 


Bi Salinity Ext. 
Date Temp, °C 0/00 Coef. of 
Aug. 18, 1948 27.8 21.3 0.85 8,1 
Sept. 6, 1949, 25.7 22,4 6.89 8.3 
“i Mayr. &, 1949 9.9 14,2 2.13 - 
April 14,1949 at; 7 19.1 1.42 ~ 
gune 3, 1949 20,2 18.2 3.40 = 
June 28, 1949 28,4 16.6 Ps ee 


: Table V. Hydrographic conditions found just ineide 
. Ocrecoke Inlet, Pamlico Sound, North Carolina (Sts. 
B, Fig. 1D). 


el taken near the inlets were also relatively low, devend- 
ine on the stage of the tide. Observations have been recorded 
(1949) es low as 14.6 inside from Hetters’ Inlet in Merch and 
June: enc as low as 12.8, 15.2, and 16.6 March, April, and 
June, respectively inside from Ocracoke Inlet. Bottom salini-= 
ties with few exceptions were within 2 or 3 o/oo of surface 
salinities, and usually higher. The salinities of Pamlico 
Sound were lower than those of Beaufort Inlet and Bogue Sound, 


because of the much more extensive drainege of the Pamlico 


and Neuse Rivers as may be seen in Figure 5. Observations 
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29 
taken in 1948 and 1949 indicate that the salinities generally 
become higher es one proceeds from Pamlico Sound to Beaufort 
Inlet through Core Sound. 

fable VI gives hydrographic conditions observed with 


plankton semples exeminéd from Pamlico Sound (See Tig. 11). 


| Salinity Ext. 
Tow Ko. Date Temp. °C o/oo Coef. 
10 ilar. 2,1949 7.1 9.6 1.21 
il Mar. 2,1949 8.8 4.9 5,40 
12 June 23,1949 28.5 17,0 hae 
13 Jufy” 12,1949 £8..3 is.8 1.31 
14 Joby 12/1949 = 28.1 13.4 ‘Foe 


Table VI. Hydrographic conditions existing with. plankton 
eee teken in Pamlico Sound, North Carolina (See Fig. 
i Se 


Bumpus and Wehe (1949) give the results of recent hydro- 
@raphic investigations off the Atlantic Coast and, on the 
basis of their evidence, hypothesize the water circulstion as 
shown in Figure 12. Further hydrographic work in May and 
June of 1949 by the Albstrose ITT of the U.S. Fish and Wild 


life Service (data as yet unpublished) supports this thesis. 
{Bumpus private communication). The peculiar confighrations 
of isotherms and isohelines thought to be ceused by eddies 
in Releigh and Onslow Bays (Bumapus and ‘fehe 1949) are 
readily apparent in the more recent data. It will be noted 
thet the Guif Stream” (heawy arrows) swings off shuere from 
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LS 
FIRST CELL ae, 


Sl 
Cape Hatteras and a coastwise counter current (cold) runs 
down close to shore in “cell two" from New England to Cape 
Eetteras. At this point the counter current may swing sround 
&s an edcy, or, as has been thought, may come around Cape 
Hatteras and be carried by small eddies in Raleigh and Onelow 
Beys farther down the Carolins coast. However, whether or 
not the circulation around Cape Hatteras is a continuous one 
or & seasonal or sporadic one is not yet definitely established. 


Temperature readings taken just north and east of Cape 


Hatteras in May or June 1949 indicate that for this particular 


time there was little or no colder water going around Cane 
Hatteras. The *"limit® to the cold water apparently lay about 
10 miles north of Cape Hatteras; temperature readings taken 
south of this point ranged around 23°C, while those tb the 
northward were in the vicinity of 16°C. Temperature observa- 
tions taken near the line of demarcation (tow 39) showed dis- 
tinct stratificetion of the two water masses of different 
temperature. The upper layer wags anmsund 24°C ‘and the bottom 
layer around 16°C. The line of stratification was sharp, en- 
compassing some 15 feet of water in a totel depth of about 190 
feet. The upper (warmer) layer was about twice the thickness 
of the lower. 

A few sesttered surface observations taken by the investi- 


gators of the Institute of Fisheries Resesrch aboard the Penny 


“Sverdrup et al. (1942) term this offshore northward-flow- 
ing current the "Florida Current" as far as Cape Hatteras. 
From thisnpoint northward they call it the Gulf Stream. 
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32 
eclose to shore and north of Cane Hatteras late in March 1949 
showed temperatures renging from 10°c to 14.9%. Farther 
down the coast in Raleigh Bay the surface temperatures were 
found to vary from 12-16°C. ‘These reletive similsrities in 
temperatures at least do not preclude the possibility of the 
eontinuity of water of somewhat similar origin north and 
south of Cape Hatteras. This point will be discussed again 
with respect to the plankton. 

The orevailing winds during the warmer months in the Cepe 
Hatteras area have been found to be (1942,1948,1949) of a 
southerly or southwesterly direction (U.S. Weather Bureau at 
Cape Hatteras, personal communication). Those in the winter 
are from a north or northeasterly direction. It is possible 
that winds influence water circulation around Cape Hatteras 
and thus assist an influx of northern cold weter into Releigh 
and Onslow Bays from Cape Hatteres in winter, and prevent 
such circulation in summer. 

In the spring of 1948 and early summer of 1949 tempera- 
tures and salinities were found to decrease gradually from 
the Gulf Stream shorewerd. The maxima in surface tempera= 
tures found in the Gulf Stream were from 23°C in March 1948 
(Bumpus and Wehe 1949) to 27.2°C in June 1949 (unpublished 
Gata from Albatross IIT). 

Some of the hydrographic observations sccompanied by 
plankton tows taken on the Carolina coast from the Penny 
and the Albetross III are summsarized in Table VII. 
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gurface Surface Type of 
Tow No. Dete Temp. °C Salinity o/oo Tow 
Penny 
15 Fed. 21,1949 = = surfece 
16 Har. 15,1949 12.8 - * 
1? Mar. 24,1949 10.5 30,1 " 
18 Mar. 23,1949 12.3 32.0 “ 
19 Mar.28,1949 10.5 oLS5 * 
20 Mar. 29,1949 10,7 00.7 8 
21 Mar. 30,1949 14.8 29.6 " 
22 Mer. 31,1949 16.3 28.9 a 
25 Apr. 4,1949 23.4 36.1 " 
24 Apr.%,1949 ui aa a 
25 Apr.7,1949 | 16.2 34.9 A 
26 Apr.18,1949 15.2 34.3 * 
27 Apr. 20,1949 “ ue i 
28 Apr. 20,1949 - - " 
29 Apr. 20,1949 16.3 = * 
30 Apr.21,1949 19.2 35.2 i 
OL Aor. 27,1949 = = * 
32 July 12,1949 27.1 27.4 . 
35 ay 24,1949 26.5 36.2 vertice1-90fm 
oe May 24,1949 23.2 55.35 - -19" 
35 May 24,1949 22.5 55.8 “ =10* 
36 June 7,1949 24.8 ms . -11" 
37 June 9,1949 26.4 36.2 . -50" 
358 June 2,1949 16.0 = * -16" 
39 June 2,1949 25.3 ~ . -50" 
40 May 26,1949 25.2 56.2 # =360" 


fable VII. Hydrographic conditions observed with plankton 
tows taken off the Carolina coast (see Figure 11). 
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BIOLOGICAL OBSERVATIONS 


Beaufort Inlet 


- Diatome were counted as anvindication of the fluctuations 
of the phytoplankton. ‘Some distoms were too small to be re- 
tained by the net size used, and for this reason diatoug 
eounts have only a relative value. The average of all samp- 
jes was 776,507 cells per cubic meter. 

Figure 13 shows the distribution of élatome with respect 
to the period of observation. It may be seen that distoma 
were more mumerous during the summer and fell than Guring the 
winter. It may be¢seen from Figure 14 that diatoms were most 
nutierous at higher temperatures with a secondary peek during 
colder weather. Figure 15 shows that greatest numbers were 
encountered at the highest salinities. 

A positive correlation between diatoms and transparency 
was found (Fig. 16). Diatoms were tost numerous in the clear- 


est water indiceting thet they were probably contributing very 
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EXT. COEF. 


Figure 16. Means of diatoms ob- 

served with rangeg of extinction 

coefficient. No/m’ in huncreds of 

thousands. Value 5.09,omitted from 

erech, accompanied by 165,300/m-’, 
little to the opacity. Poole and Atkins (1929) failed to 
find any very noticeable effect of the spring diatomsbloom 
on transparency nesr Plymouth, England, (In view of the con- 
currence of sziinity ond transperency, es can be seen in 
Figure 9, it is possible that the soparent correlation of 
G&atome with transparency is merely 2 coincidence.) On the 
other hand, Rees (1939) points out thet opacity might cut 
down production of diatoms, thus resulting in lower ciatom 
populations st times of greater turbidity. 

Teble VIII shows means of distoms at various values of 
pH. According to Sverdrup et al. (1942) periods of high 
diatomsproduction are sometimes eaccompanied by a marked rise 
in pH as « result of utilization of carbonic acid by the 


plants. No such correlation ig clearly evident in Table VITI. 
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Means Number 
Ho/m5 pH Observations 
75,370 £7.9 4 
330,800 7.9 20 
303 , 800 8.0 37 
324,300 8.1 14 
£52,200 78.4. 4 


Table VITI. Means of diatoms ob- 
‘eerved with values of pH. 


More diatoms were found at hich tide (287,470/m") than 
at low tide (226 ,660/m"), Each mean is composed of 42 ob- 


servations. 


A graph of the total zooplankton (Fig. 17) shows that, 
in general, during the period of study, the populstions were 
higher during the summer and fall, and lower during the wine 
ter, An average of 12,217 animals per cubic meter was found 
(No. 10 net) for the entire period of time. This may be com- 
pared with an average of 1,740/m" obteined by Riley (1938) 
at Dry Tortugas with a Ko. 20 net, anc with an average of 
69,000/m> by Riley snd Bumpus (1946) on Georges Bank with 
a No. 2 net. From these figures it appears that zooplankton 
occurrences at Beaufort Inlet lie between thet of tropical 
and northern regions, but much nearer the tropleal. 

In Figures 18 and 19 it may be seen that zooplankton 
counts were much greater at high temperstures and high salini- 
teens A positive correlation with transparency was found for 


zooplankton (Figure 20) as with diatoms. It is possible that 
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Figure 17. High and low tide means of 
total zooplankton. Ko/m® in thousands. 
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Figure 18, Means of total zoo- Figure 19. Beans of total zoo- 
plankton with ranges of tempers- plankton with ranges of salini- 
ture. Numbers above columns in- ty. Numbers above columns in- 
dicate number of observetions. dicate number of observetions. 


No/a- in thousands. No/m in thousands. 
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Pigure 20, Means of zooplankton 
observed with rangee of extinction 
coefficient. No/a” in thousands. 
Value of 5.09,omitted.from graoh, 
aecompanied by 3042/m°. 


thie correlation may be 2 function of salinity, as more 
trenspsarent water and higher selinities were coexistent. (Fiz. 
9). At any rate, all the zooplankton groups studied, showed 
a positive or negstive correlation with the transparency de- 
pending on the correlation with salinity. No correlations 
were apparent between time of day and total zooplankton to 
indicate vertical migrations. Peaks of abundance of diatoms 
and zooplankton generally coincided. 

The percentage composition of the total zooplankton was 
found to be «s shown in Table IX. The remainder from Table 
IX was composed of small numbers of isopods, ostracods, pela~ 
gic tunicates, pelagic decapods, cumaceans, and siphonoohores. 
The various groupe comprising the total zooplankton will be 
taken up in order of numerical importsence. Most of the groupe 


Giseussed in the following pages are composites of a number 
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Avernge % total 


Organisms | No/m* Zooplankton 
Copepods,copepodids ~- 7272 §9.52 
Copepod nauplii 2542 20,80 
Pelecypoa larvee 758 6.20 
Annelid larvae 380 S.11 
Cladocerens 334 2.74 
Barnacle larvae 272 2.25 
Gastropod lervee 191 1.96 
Tunicate larvae 169 1.38 
Echinoderm larvee 105 0,86 
Decapod,stomatoped larvae 101 0,83 
Chaetognaths 51 0.42 
Nematodes 5 0.12 
Medusse 13 0,43 


Table IX, Averege number per cubic meter and 
percent composition of the groups comprising 
the total zooplankton. 


of species; only a few of the groups have been segregated 
to incivicusl epecies. For this reason ecological data and 
observations on copepods anc other groupe in which species 


are discussed hezve more significance. 


feans | Number 
No/mo pH Observations 
4,650 £7.9 4 
8,464 7.9 20 
9,671 3.0 3? 
125710 6.1 14 
£6,424 >8.1 4 


fable X. Means of totel zooplankton 
observed with values of pH. 


40 


, ny iY iy | . Latos ». ‘ 7 ape? ng rm Te tA ues mi 
My Or a Nett an 
| 28.8 2 


Oo .3 


LL. 
PYLE 


os as 
ac .£ 
Be mm 
86,0 
12.2 
e>.0 
$1.0 
Li 0 


Ie 
mot 


Set suoTRee 
373A RS ds sof 


gaioocn Agta 


& 


a ; » SIE 


; gat 
O8% 

#38 

. ‘evs 
{fel 

_ 8eL 

* GOF 

LOL oavEpl beqod aes hg 

"0 wed 


ef 
at 


tavem ofdue tec sede aenewe GE 
ainemog acquis sft te colt leoqmeg ay 
 .fedauaigeor” 


' t a mn a 

neod avead soveny ods to vet «. ieee 
. oe ; — 4 
aniose segegon aiid 209 saat ace 
w at BONeTR tetso Sae aboqegee aac 


tartan iting ts eIDe oved | 


Taguig. ee ; 
acisevigeds — i 


“soit his shboos 


ye 
me 


ie 


Numbers of the total zooplenkton oecurring with values 
of pH are shown in Table X. The total zooplankton mean was 


higher for high tide then for low tide: high-10,936/m"; low- 


? ,900/m. 


Copepods generally were found to be more numerous in 


summer then in winter as ny be seen in Figure 21. Correla- 
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Pigure 21. High and low tide means of 
total copenods counted during period of 
observation. No/m’ in thousands. 


tions with temperature and salinity are shown in Figures 22 
and 23. No cerrelations were found with time of day. Cope-— 
pods were moré frequently encountered at high tide (6,847/m") 
than et low tide (4,016/m°). Numbers of copepods occurring 
with pH are shown in Table XI. A partial breakdown of the 


percentage compostion of the total copepods is shown in 
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Figure 22. Means of totel 
copepods observed with ranges 
of temperature. No/m’ in thou- 
sends. 


Lean 

No/m pH 
3,649 £7.9 
3,928 7.9 
5,601 8.0 
14,310 Sol 
3,842 >B8.1 


Table AL. 
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Figure 23. Means of total 
copepods observed with ranges 
of salinity. No/m- in thou- 
8BNGS, 


Number 
Observetions 


4 
20 
3? 
14 
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Means of totel copevods 


observed with values of pH. 


Table AII. 


In the following discussions, copepodid stages recog- 


nizable as belonging to a given species, as well as the adults 


are included. 
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Acertis 


Hea: % Total 
o/s Coperode 


Calanoids 4292 57.78 
Cyclopoids 2740 37.69 
Hervacticotés S30 4,85 


fTeble XII. Average mumbers per cubic 
meter end percent commorition cf the 
three groups of total copepods. 
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copenods found to be presént in considereble numbers at all | 


tiies of the year. The distribution with teenect to the Bime 


covered by th 


e study may be seen in Pigure 24. hie species 


Was well represented in most of the teapersture classes (Pig. 


25) but showed on inverse relstionship to salinity (Pig. 26). 


A slight correlntion vith time of dey was found for this 


when the smount of 11 
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aeeurring with oN are shown in Table YITT.. A eonsiderablivy 


higher asan was found at low tide (1,064/m5) than at high 
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Figure 24, High and jow tide means of 
Acertia tonse. No/m’ in thousands. 
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Acertia was found in tows 15, 16, 20, 23-25, 27, 28, 31, end 
32.(Table VII, Fig. 11). 


Mean Number 
No/m pH Observetions 
1,302 £9.9 4 
1,010 7.9 20 
6,934 8.0 37 
= 932 B.1 14 

8.1 4 


Toaghi iy 


Tabie XIII. Neans of Acartise tonsa 


observed with values of pH. 


The occurrences listed at Beaufort Inlet and related 
areas for A. Longa covered a wice range of temperatures (5.0— 
29.4°G) and salinities (4.6-35.40/o0) in ali seasons. It oc- 
curred relatively near shore in every case put in tow 23. 

Acertia tonsa has been reported from Woods Hole by Bise- 
low (1926) and Fish (1925). It is common in brackish weter 
ponds as well ss ocean water nesr shore in that region (Bige- 
low 1926) and shnce Fish found it from June to November he 
regarded it 18 # summer form. Davis (1944) reported A. tonsa 
as one of the dominent species in Chesapeake Bay. He found it 
tn. both summer end winter and in salinities approaching those 
of fresh water (chlorinity 0.40/oo). Davie (unpublished deta) 
hee also recorded this especies from south Florida where it is 
conspicuously absent from the Gulf Stream. 

In view of the above considerations, it might seem that 


A. tonsa is able to tolerate the relatively wide ranges of 
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46 
conditions found at Beaufort Inlet with respect to tempera- 


ture and salinity. 


es furcetug (Dana). This species (eslled ¢. 
iets by Suteliffe 1948( was most frequently found in the 
summer and fall, (Fig. 27) and at high temperatures and seal- 
inities (Fig. 28 and 29). Greater nuabers were found at high 
tide ( 15/m3) than at low tide (4.8/m°). Numbers occurring with 
pH are Table XIV.” 


tae Number 

No/m pH Observations 
1.9 <7.9 4 

' 8.6 a es 20 

6.6 8.0 37 

26. es 14 

12 78.1 4 


Table XIV. Means of aeaneaers 
furcatus observed with values of pH. 


entropsces furcatug was found in tow 9 in Bogue Sound 
(Table IIT) but not in any of the Pamlico Sound tows, ‘possibly 


because of the low salinlsios. Outside it occurred in tows 
31-37 (Table VII, Pig. 11). — | 

This acinus te thought to be a tropical fora, which occurrs 
in the Gulf of Mexico (Davis, unpublished date, end Mr. Paul L. 
Ellg, private communication), off the Florida Keys (Davis, un- 
published data), near the Amazon River (Dahl 1894). Cleve (1900) 
has reported ¢. furcatug from the tropical Atlantic. 
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Figure a7. 
refer to p presence at high or low tide. 
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1iroepas Figure 29. Means of Cantropears 
with ranges of teupera~ furcoius with ranges of salini- 
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‘ Centropases furcatus was found to be mainly a summer plank- 
ton constituent et Beaufort. It was most probably brought 


north by the Gulf Stream end shunted in by the eddies as shown 
in Figure 12. It waild appear thst extremes in tempersture 
end salinity at Beaufort make the survivel of this species 
Gifficult over the winter in the adult form. No copepodid 
stages of ¢. furcatus were seen during the winter months. 


Centroveges bamatug (Lilljeborg). This copepod was found 


in the colder months of the year and was most numerous in the 
spring (Pig. 30). Greatest numbers were found at lower temp~ 
eratures end salinities (Figs. 31 and 272). NFembers of ¢. 
heme tus oceurring with pH ere shown in Table KY. This form 
occurred in greater numbers at low tide (4.5/m°) then at 


high tide (3.1/n°). 


i ng Number 
pH Observations 


Centrovages hemeatus wes not found in any of the Dogue 
found or Pamlico Sound tows. It oceurred in tows 15 anc 20 


(Table VII, Fig.11) of the outside materisl. These 
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tempers- hamatus with ranges of salinity. 
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50 
oceurrences are in accord as to season with the findings at 
Beaufort Inlet where it was found mally in winter and spring. 

Bigelow (1926) lists this copepod as fairly common in 
the Gulf of Maine in fall and early atahain Fe states that 
it is @ neritic rether than 2n oceenie form. Pish (1925) 


lists ¢ 


on” 


bauetug as occurring from Auguet to Mey, and terms 
it a true cold weter form. Wilson (192%2a) found 1t common 
in Chesapeake Bay where it wes melhly « winter and spring 
epecies. 

Centroneses hametue may be regarded as e@ cold temperate 
or northern species et Beaufort in view of the geogrephical 
cistribution and lsek of adults in the warm months of the 
yeer. This brings up the question of possible survivel during 
the summer in en esrly Gdevelopmentel stage. Cslenus finmarchi- 
gus hes been founc to pess through the developmental steces 
from ege to adult in four weeks (Nicholle 1933), this being 
sonevhat dependent on tempersture. However, under unfavorable 
concitions Calenus may remein in the fifth copepodid stage 
for severe] monthe (Johnson and Oleon 1948). If Centropeges 
hawetus can be compared to Celanus finmarchicus in develon= 
mMentel cycle, it 1s unlikely thet it could heve summered over 


ét Beaufort in a cevelopmental stage, for no copeoodid stages 


of Centropeges were found during the summer other then those 


of €. furcatus. Clarke (Galtsoff et sl. 1927) found thet 
C. hamatus from Yoods Hole cled off rapidly if the water 


teuperatures were raised above 20°C, 
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Centropeges typicus Kroyer. This species ( ee with ¢. 
hematus) was found mostly in spring and late winter as shown 
in Figure 33. Highest populations were found in the $.6- 
14.6° renge of temperature (Pig. 34); numbers occurting with 
renges of salinity sre shown in Figure 35. More individuals 
were found at high tide (4. 4 far ) then at low tide (2.2/a°). 


Means occurring with values of pH are given in Table XVI. 


Heang Number 
No/a* pH Observations 
5.8 <7,9 4 

2.5 7.9 20 

5.1 8.0 3? 

5.2 8.1 14 

2.6 7G. 4 


Yable XVI. Meane of Centropases 
typicus observed wita values of pH. 


Centropsses typicus was found in towe 2 and 3 in Bogue 
Sound (fable III}; in numbers 15, 16, 18-22, 24-26, 58, and 


39 in the oeean (Table VII, Fig. 11); none occurred in the 
Pamlico Sound material. Except for the last two towe outside 
{38 and 39), all occurrences of C. typicug fall within the 
ranges found at Beaufort Inlet with vedpest to season. Tows 


38 and 59 from the Albatros ‘JT material were made at the 


edge of and in the tongue of cold water lying just north of 
Cape Hetteras (see *Hydrography") reoresenting for thie in- 


stance the southern limit of the coastwise counter current 
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of the second cell in Figure 12, 

Bigelow (1926) found C. typicus in greatest abundance in 
the late summer and fall in the Gulf of Maine, and Pieh (1925) 
lists it se ® common summer form at Yoods Hole. WAle0n (19328) 
states that this wes 2 common winter species in Chesapeske Bay. 
Reference to Figure 73 and F4 nhowe thet ©. tynpicue would be 
expected to occur at colder temperstures. Clerke (Galtcoff et 
al. 1957) found that €. typleus could not survive in water — 
much above 20°C. No copepodid stages were found in summer. 


‘operes*tybicus'mey thus te regecded as a winter and spring 


Pore at Beaufort, end one of probable north tenperate origin. | 


pocelanus fu urestue (Brady). This small calencié was — 


found only twiee in Beaufort Inlet: st high tides on November 
ri 1948 »nd April 9, 1949. On November 4 it was found at a 4 
mean concentration of 17/m°. It was recorded only as present 
on April 9. The hydrographic conditions under which ¢. 
furgatug was found ere shown in Table XVII. 


Veter Salinity Ext. 

Temp. °C o/oo Coef. pH 
19.2 58.5 6.84 Bd. 
15.5 2.4 4.82. Bi 


fable ZAVII. Hydérographic Goss thane 
observed with occurrence of 


 gelanmus Lurcetus. 


In addition to the two oecurrences at Beaufort Inlet, 
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54 
ope.) eelenugs furcetus was found only in the ocean. Here it 
was found in tows 25, 25, 29, 30, 33, and 35-37 Stable. VEE, 
Fig. 42); 


Gleve (1900) liste this species as 2 form common to ihe pe 
tropical Atlentie and it wee certainly common in the tows 


. taken in or near the Gulf Stresm. Devise (unpublished data) 


hes reported it from the Florida Keys and the ¢ Sulf of aide ss 
In view of the apparent tropical nature of this copepod, 
it was probably an inclusion in the Besufort material as Te 
result of the cireulation from the Gulf Stream, as seen in 
Figure iz. Other ocourrences of this nature will be noted | 
later with aifferent species. This copepod has not previouely 


been reported from North Carolina. 


39 Leu: ynicus (F. Dahl). Figure 356 shows numbers 
of ¢. amazgonicus enccuntered during the period of study. This 
species, as seen in Figures 37 and 38, occurred in greatest 
quantity eat intermediate temperatures and at highest salinities. 
The high tide mean (20/m") was higher then thet at low tide 
(1i/m). Meana occurring with values of pH are sown in Table 
XVIII. 

Lcug was not found in Bogue or Pamlico 


Sounds. In the ocean it was found in tows 28-31, 35, and 36 
(Table VII, Fig. 11). It has been reported from the mouth 
of the Amazon, from Tortugas, and the Gulf of Mexico (Wilson 
1949). 

There ig ea possibility that this species may have been 
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Figure 36. High and low tide means of 
Gorvereus amazonicu 
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which it closely resembles. Coryceeus amagonicus hes not 


previously been reported from North Carolina, 


Meang Number 
No / ms pH Observations 
0 a 7.9 & 

8.6 7.9 20 
30 8.0 a? 

19 @.i 14 

5.8 7B. 4 & 


emezonicue observed with Values of pH. 


. €eryseeus americanus (M. Wilson). In Figure 39 may be | 
eeen the dietribution of Coryeseus americanus during the — 
period of study. It was found mostly at intermediste and 
higher temperatures (Fig,. 40) and was most numerous 2t higher 
galinities (Pig. 41). Greater numbers were found at hich tide 
(29/e") than at low tide (6.3/m3). Table XIX gives means o¢- 


eurring with pH. 


wean, Nuaber 
No/a® oH Observations 
Q <?7.9 4 

8.7 7.9 20 
20 6.0 a7 

55 8.1 14 

4.7 >3.4 4 


Table XIX. Means of ees a 
ganug observed with values of pH. | 
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53 
This species was more widely distributed than €. smazoni- 


q gue in the arets investigated around Beaufort Iniet. It was 
a found in tows #, 6, and 9 (Table III) in Bogue Sound, but not 
in Pamlico Sound. O,tside it occurred in tows 15, 22, 25, 26,— 
28-32, 35, 36, 38, and 39 (fable VII, Pig. 11). It is to be 
noted that this speciée was found in the cold water north of 
Cape Hatteras slong with other species which typically soeue 
at Woods Hole. 

Because this syecies has been so recently described §i/il- 
gon 1949), reletively Little is known of its distribution, : 
It hes been reported from Chesapeake Fay and the Gulf of” 


Mexico (Wilson 1949). 


Eucalsnus pileatug Gleebrecht and Zuceienus subcressus 
Giesbrecht. These two species (calleé £. monschus by Sute 
cliffe 1948) ere thought to be referable to a single species, 
(WwW. VYervoort, private communicstion), and will be treated 28 
such in this report. The morphoLogice. éiffverences ere rela- 
tively slight, end the present study could not show significant 
Gifferences with respect to 211 ecologics1 factors. Speci- 
mens belonging to one “species” or the other were seldom 
founc together in a single tow; they were, however, simost 
completely intermixed with regard to tine of yeer, tempera] 
ture classes, and other factors, except salinity. 

Fucealenus was most numerous in late summer and fall ale 
though it was reeorded as being present at-seversl scattered 
intervals throughout the year (Pig. 42). The group was found 
most frequently at high temoeratures (Fig. 43). With resvect 
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Figure 44. Beans of Eugalenus 
SULeC x and EB. pilestus 
with ra nges of salinity. 
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60 
to salinity, it will be noticed that in Figure 44 the graoh 
hes two well defined peaks at the extremes of the range. It 
was founc that, while specimens of the E. pilestus type were 
relatively well represented in nearly all salinity classes, 
those of E. suberessug were sbsent in the two lowest classes, 
and were numerous in the hichest class. This is evicgently the 
cause of the bimodal appearance of the graph. ‘Suealanus wes 
founda more frequently at high tide (3,0/m°) than st low tide 


(1.6/m°). Means of Eucelenus and oH are shown in Table XX. 


Means Number 
No/m? oH Observations 

e) <7.9 4 

ae | 7.9 20 

246 8.0 37 

2.8 8.2 14 

e) 73.1 4 
fable XX. Means of Euesis pilestus 
and 5 Subcrassus observed with values 
of pH, 


gua were found 


Neither Eugealeanus } 
-4n Bogue or Pamilco Sounds. In the ocean they were present in 
tows 31-37, and 39 (Table VIT, Fig. 11). Clewe (1900) has 


~ 


ube 


recorded E, eseus in the trepical 4tlantic and Davis 
(unoublished data) has listed it as occurring in the Gulf 
Stream off the Florida Keys and in the Gulf of Mexico. Most 
of the colé weather inclusions in Beaufort plankton probably 


represent, 96 with Claugocalenus furcetus, stragsiers brought 
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in from the Gulf Stream. 


Euterpine acutifrons (Dana). Zuterpina geutifrons was 
found to be present, during most of the year (Fig. 45), but 
as shown in Figure 46 was present in sreatest numbers at 
higher temperatures. It was also most numerous at high salini- 
ties (Fig. 47). The mean concentration at high tide (96/mS) 
was greater than that at low tide (48/m°). leans esleulsted 


at values of pH sre given in Table XXTI, 


veang Number 

No/m pH Observations : 
2.9 < 7.9 ee 

3? 7.9 £0 

106 8.0 3 

1é4 Si i4 

10s *6. 4 “ 


ens was found in tows 1,2,4, and 6-3 


(fable ITI) from Bogue Sound and numbers 27-29, and 31 (Table 
VII, Fig. 11) outside. It was absent from Pamlico Sound poa- 
sibly because of the low salinities encountered there. 

This copepod hae a wide distribution, according to Cleve 
(1900) who lists it ae ocecurring in the southern North Sea, 
Newfoundland Banks, and the Rio Negro. Davis(unpublished data) 
hes reported it from the Gulf Streem off Hiami and the Gulf of 
Mexico. Dahl (1894) found it near the mouth of the Amazon. 
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Despite records from northern locelities, E. geutifrons 
was found in greatest nmumbers in the high temperature and 
walinity renges (Fige. 46 and 47) st Beaufort very similar 
to those of tropical species, ané will habe be go considered. 
This species has not previously been reported from North 


Caroling. 


However, Nicholls (1944) has presented reasons for aseribing 


this form to the genus Hemicyclops (benthic) eas a develon- 
mental stage. It is not known &t present whether or not the 
Beaufort specimens constitute = single sveciee. | 

The distribution over the period of observation is shown 
in Figure 48. As may be seen in Figure 49, scccurrences with 
respect to tempersture are somewh>t ineonelustves Greatest 
numbers were found to occur in the 22.1-26.40/oo range of 
salinity (Pig. 50). The low tide mean (9.5/a5) was found to 
be hicher then thet of high tide (8.6/m’). Means coexistent 
with oH sre given in Table XXII. 


Meang Number 
to /m pH Observations 
16 <7.3 «b 
6.2 7.9 20 
‘1é 3.0 37 
4.5 8.1 14 
Lz -§ 4 4 


fable XXII. Means of Hemteyclons (7) sp. 
observed with values of pk. 
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Pigure 43, High and low tide means of 
Hemicvelops (7) gp. 
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Ficure 69. Means of Hemicylops (7) Figure 50. Means of Heuicylo 


(7) gp. with renges of 


sp. with temperature ranges. 
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Labidocers sestiva Sheeler. As may be seen from Pigure 
51, this is primeartly a sumaer-fsll species and was only 
Occasionally found in Beaufort Inlet. None were found in 
1949, Figures S22 and 53 show the number of occurrences (not 
the means) of L. pestiva in the temperature and salinity 
classes. Occurrenfes tere more frequent at high tenperatures 
end high salinities. The species occurred nore frequently | 
at high tides (5 times) than at low tides( 3 times), Fre- 


quencies and values of pH are shown in Table XXITT. 


No. of Number 


QOceurrences pH Observetions 
o “7.9 4 
a 7.9 20 
2 8.0 3? 
L awd. i4 
Q >B8.1 4 


 Faple KATII. Frequencies of occurrence 
of Lebidocera sestive observed with 
Values of 2 


Labidocera was not found in Bogue Sound, Pamlico Sound, 
or in the o¢ean. According to Pish (1925) and Wilson (1932) 
this 1s 2 relatively common summer copepod in the Woods Hole 
area. Wilson ¢1952a) found L. agetive ae 2 fall and winter 
soecies in Chesapeake Bey. From this geographical dletribu- 
tion it might seem that this species would be a winter form 
at Beaufort; however, a6 seen in Figures 51 and 52 this does 


not geem to be the case. The fact thet Davis (unpublished data) 
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Figure 52. Occurrence of Labidocers 
agstive with Penges of tenperature. 
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Figure 53. Scourrence of Labigocers 
sestive with renges of salinity. 
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Figure 54, High and low tide means or 
“ierosetells norvegi¢cs 
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has several records of L. aestiva from the Gulf of Mexico 
together with the Beaufort observations raise the possibility 

7. 
or the existence of tWo physiological races. 
la norvegies(Boeck). This harpecticold wes 
found only four times, in the fall of 1948 end the spring 
and summer of 1949. (Fig. 54). ‘he hydrogrephic conditions 
under which it occurred ere shown in Table XXIV. 
Vater Belinity Ext. Tide 
Temp. °C 0/90 pH Coef. Stage 
19.2 SS.5 8.1 OG. 84 i 
i1.4 294.35 7.9 1.14 L 
28.5 64.8 8.0 0,58 H 
Table pia Rye dereybiy sands Lions ocecurring 
: ; < eve - 
; 
: _horvecice was not found in Bogue or Pemlico 
4 _Sounde but wes present in tows 23, 26, amd 28 (Table VII, 
° Fig. 11) teken in the ocean, Cleve (1900) reported this 


copepod (26 #. ice) to be the most widely distributed 


in the Atientic. It oceurs from the tropical Atlantic to 
Greenland. Wileon (1922) hea recorded it from Woods Hole 
and from Cheseveake Pay in winter (19222). This copepod 


hee not been previously reportec from North Cerolina. 


Nannocglenus minor(Claus). 3 ginor was found 


in PReeufort Inlet only three times during the investigetion, 
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and was then only recorded as present, The hydrographic 


conditions under which it was found are given in Table XXV 


Vate Salinity Ext. Tice 

Date Temp. °C 0/00 Coef. pH Stage 
Nov. 2,194? hy? 52.5 LiS@ rayorr. og 
Apr.3,1943 18.7 30,3 1.16 8,0 H 
Jan.29,1949 14.7 27.3 0.90 8.0 i, 


Table AXV. Hydrographic conditions eccourring with 
Nannocalanus minor. 


This species waa not found in Bogue or Pasilico Sounds, 
Outside it was found in tows 33, 54, 36, 37, end 39 (Table 
VII, Fig. 11). Wilson (1952) reports that this species ( as 
Celanug singr) oceurs in the dul? Stream offshore frou Woods 
Hole. Davis (unpublished data) has found it (as Calanus minor) 
in the Guif Stream off south Plorida, and Cleve (1900) states 
that it (as Galanug minor) is widespread in the tropical At- 


lesntic. This species is probatly « tropical one. 


Oithons | 


In the first year of thie investigation it was not realized 


brevicornis enc QO. pane were present. There- 
fore, these two species were not sepersted ecologicelly in this 


Giesbrecht and Oithona 


peng Giesbeecht. 


that both 2 


TS. 


study. The gimllarity of tre specles made gross counte nearly 
Aimpos¢ible without incivicual examinetion of the specimens. 
Individuels were identified at intervals to gain some ides as 


to the distribution of these two species with respect to time. 
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While this geve no indication ag to exactly when one species 
appeared and the other disappeared in the plankton, or as to 
the numerical proportions of the two species, it did indicate 
that 0. hana was more prevalent in winter and spring while 
Q. brevicornigs was more numerous in summer and fall. Figure 
95 shows that the combination was greatest in number during 
the warmer months (Q. brevicornis?). In Figures 56 and 57 it 
may be seen that these species occurred most frequently at 
high temperatures and high salinities. The mean concentretion 
of the species was greater at high tide (1388/m°) than at low 
tide (641/m°), Mean populstions and pH sre given in Table XXVI. 


dean Number 
No/ pH Observations 
116 <7.9 4 
909 7.9 20 
1ail1 8.0 37 
1769 8.2 14 
116 78.4 4 


Table XXVI. Means of Olthons See 
and O. nana observed with values of pH. 


Oithons brevicornis or QO. nana were founa in tow numbers 
2, and 6-9 in Bogue Sound (Table III) and in 12-14 in Pamlico 
Sound (Table vI, Fig. 11). Occurrences in the ocean were in 
tows 15, 16, 24, 25, and 27-32. 

Oithona brevicornis has occurred at Woods Hole according 
to Fish (1925) who found it from June to November. He con- 


siders it 2 common summer copepod in that region. Wilson 
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Figure 55. High and 
SCithons previecornis 
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Figure 56. Meens of Oithona 
brevicornis and 0. nana wit 
ranges of tempersture. No/m 
in thousands. 
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brevicornis and Q. a with 
renges of salinity. No/mS in 
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(1932s) hes reported 1t from Chesepeske Bay in both summer 
and winter. This species has also been found in the tropical 


Atlantic (Wilson 1932). Oithona nana wae found near Ieeland 


and occurred in the tropical Atlantic (Wilson 1942). It also 
occurs in the Gulf of Mexico (Illg, private communication; 

Davis unpublished data) end off the east conet of Florica | 
(Davis unpublished deta). Bedause these two specics were not 
separated in this account, no conclusions cen be drawn, Neither 


has been previously reported from North Corolina. 


 O¢thonea plumifera Beird.  Olthone plumiferes was found - 
only in summer and fell of 1947 and spring of 1949 (Pig. 58). 


Figures 59 and 60 show number of occurrences with temperature 
and selinity. This species occurred more frequently at high 
tide (6 times) than at low tide (2 times). Number of occur 


rences with pH ere given in Teble\KRVII. 


No. of Number 
Occurrences pH Observetions 
6 <7u8 4 
j 8 7.9 £20 
L 8,0 S7 
5 3.1 14 
12) >8.1 4 


fable XXVII. Numbers of occurrences of 


soe plumifera observed with valucs 
of pH. 


Olthona plumifere was not found in Bogue or Pamlico Sounds. 
In the ocean 0. plumifere occurred in tows 35, 34, and 37 
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Figure 58. Heans ( high and low tide) of 
Oithona plumifers. Lettere H and L refer 
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Figure 59. Oecurrence of Pigure 60. Occurrence of 


Qithona plumifera with ranges Oithone plumifera with renges 


of temperature. or eealinity. 
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(fable VII, Fig. 11). Although this species hee been found 

as fer north as Iceland (Wilson 1942), it has been most come 
‘moniy encountered much nearer the equstor and it is thought 

by Cleve (1900) end Wilson (1932) to be 2 trocical species. 

Davis (unpublished Gate) has founc this species in the Guif 

of Mexico and in the Gulf Stream off south Florida. 

} : The fact thst Q. plumifere was moet frequently found at 

higher temperetures st Beaufort (Fig. 59) would eupport the 

ides thet this species is a tropical one. Q. ara has 


not oreviously been reported from North Csrolina, 


Sithone similis Claus. This cyclopbhid was found primarily 
in winter and spring (Fie, 61). Figures 62 and 63 show that 
it was more prevaient at intermediate temperatures and salini- 
ties. Slightly more were found at high tide (4.6/m°) than at 
low tide (3.3/m°). Means with values of pH are gkven in Table 


XAVIIT. 


Xeans Mumgber 
No/m pB Sbservetions 
0 <7.9 4 
4.4 7.9 20 
4.8 8.0 3” 
5.2 8.1 L4 
5 >8.1 és 


fable XXVIII. Means 6f Oithona 
similis observed with velues of pH. 
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Figure 61. High and low tide means of 
Sithons similis. Letters H and L refer 
to presence at high or low tide. No/m 
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Oithons simti niljis wes found tice in Bogue Sound in tows 
3 and 6 (Teble III) but not found in Pamlico Sound. %uteidée 
it wee widely distributed where temperatures were relatively 
tow, It occurred in tow numbers 16-22, 24, 26, 29-31, 38, and 
39 (Teble 7il, Fig. i1)}. 

Fish (1925) lists this copepod as a summer form at Yoods— 
Hole and Wilson(1932a) found it mostly during fell end winter 
in Chesaoeske ney. Cleve (1900) clasces thie species as one 
of the comionest copepods of the temperate regions. 

The seasonal distribution (Fig. 61) and the temperature 


ranges of greetest abundance (Fig. 62) ef*o 


, similis 
seem to agree with the geographicel occurrences found by 
other investigators, This form was found from pointe north 
of Cape Hatteres to Cave Pear during the colder weather and 
was found in the cold water just north of Cape Hatteras in 
Mey “a June 1949, Judging from geographical distribution 
and the present observations at Beaufort, Oithons sitilis 
is probably af north temperate origin. This epecies has 


not previously been reported from North Carolina, 


3 Claus. It may be seen in Figure 


64 that this enectes was present moet freaquentiy ana in great- 
est number in summer enc fell. forrelations with temperature 

end gelinity show areatest numbers at highest temperatures and 
selinities (Pigs. 65 and 66). Greater numbers were present at 
high tide (2.4/n°) then at low tide (1.1/m°). Means occurring 


with pH are given in Table XXIX. 
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py a Number 
io /a pH Observations 
Q <7%,9 “& 
1.2 7.9 aa, 
id 3,0 Kod 
3365 8.1 14 
) 78.1 A, 


Table XTX. Means of Githonna spini- 
rostris ooserved with values of oc. 


wae not found in Boreue or Pemlico 


Oithona s: 


Sounds. In the secesn it securred in tows 31 end 34 (Teple 


WII, Fig. 11). This copepod enpears to be very widely dis= 
tributed, for Yileon (1942) found it from points near Greene 
lang to the Caribbean. He also found it in the entrance end 
outside of Chessoeeke Bay in Auguet end December (Wileon 1952a). 


This copevod wee not previously reported from North Carolina. 


essen veruete was found to be 


Oncaee venusta Philippi. 
‘sii’ numerous during the veriod of stindy during summer and 
fall ss may be seen in Figure 67. Greatest numbers occurred 
in the 19.9-24.99¢ range of temperature, and in the higher 
salinities (Fig. 68 ané 69), slthongh the latter is not so 
marked. Correlation with timecof day showed somewhat great 
er numbers during late morning snd around midéay. 9. yenusta 
occurred more frequently at high tide (4.6/m?) than at low | 
tide (3.1/m°). Means with pH are given in Table. XXX. 

Onceea venusts was found in tow 7 in Bogue Sound (Table 


TIz} put not im Pamlico Souné. In the ocean it occurred in 
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Qnesea venuste. 
10 
6_ 
5 
” 
= 
OS 
9° 
Zz 


177 221 265 310 354 
45 9% 147 198 249 300 


S Yoo 
. 1 We 


Figure 68. Meane of On¢eree 


Figure 69. Means of Oncaea 
venusta with ranges of yenusta with ranges of 
tempersture. 
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95, 29, 53-35, and 39 (Table VIT, Fig. Wl). 


Heang fy aly Number 

Mo fmm pH Obeervations 
4.9 <7. 4 

£20 7.9 20 

ee 8.0 ov 

7,0 Si.1 14 

ee >S.4 4 


observed with velues of mH, 


‘Wheeler (1899) found this species in the Gulf Stream oft 
Harthe's Vineyerd in July, end Wileon (192322) found it near 
the 100 fathom lane out fron Chesapeske Easy. He &lso reported 
it (1942) from near Iceland in June. Cleve (1900) indiecstes) 
that this is s tropical species, but suggests thet it might — 
be Lenperete as well. 

The distribution of Oneaes with respect to the tempera= 
ture ( Pig. ¢8) would suggest thet it might be s southern 
 Besiperstc tyre. Zt ie most likely distributed by the Gulf 
Streem. ‘This species has not been previously reported from 


Worth Carolina. 


Paracsisnus parvus (Ciaus)i As may be seen in Figure 70 
Parscalsnus parvus wee found in greatest numbers in sumuer and 
fall, although it wes present nearly ell year round, Ccr- 
relations with temperature and salinity (Figs. 71 and 72) 


showed thet it occurred most frequently at high temperatures 
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Figure 70. High and low tice means of 
Perecsienus pervus/ No/m® in thousands. 
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81 
and salinities. It was present at high tide in much greater 
numbers (1247/m°) than at low tide (409/m°), Numbers with 
values of pH are given in Table XXXI. 


Beang Number 
No/m pa Observations 
ol <7.9 4 
413 7.9 20 
1180 8.0 37 
1534 8.4 14 
72 >8.1 4 


Table XXXI. Means of Zeracelenus 
parvus observed with values of pH. 


wearsceleanus parvus wes found in tow numbers 2, 3, and 6- 
9 (Table III) in Bogue Sound end numbers 12-14 (Table VI, 
Fig. 11) in Pamlico Sound. In the ocean it occurred in num- 
bers 15, and 21-32 (Table VII, Fig. 11). 

This species has been reported fron the south Atlantic 

off the Cape of Good Hope to the north of Iceland (Bigelow 
1926), and many poilfts in between such as near Rio de Janei- 
ro (Oliveirse 1945), the Gulf of “exico (Illg, private com- 
munication; Davis unpublished dated, inland waters and the 
Gulf Stream off south Florida (Davis unpublished data), Chesa- 
peake Bay (Wilson 1932a), Woods Hole (Fish 1925, Wilson 1932), 
Gulf Stream off Woods Hole (Wheeler 1899), and the Gulf of 
Maine (Bigelow 1926). Wilson (1932a) found that P. parvus 
was most numerous during fall and winter in Chesapeake Bay, 


and Bigelow found that it was most plentiful in summer and 
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82 
and early fall in the Gulf of Maine but present nearly e211 
year. 

Wolfenden (1906) described two subspecies of P. parvus, 
® northern snd a southern form. Although this subdivision 
has not been upheld by later authors, it has been pointed 
out that ohysiocolosical races must exist in this ubiquitous 
species (Gurney 1927). Sewell (1948) has deseribved races 
existing in « number of species of copepods. Parscalanus 
parvus at Beaufort, judging from the present evidence +45 


more frequent at warmer temperatures, which is appsrently 


not vhe case in Chesapeake Bay. This might indicate local 


races for the Atlantié coast. 


(i Wheeler, 


telle meedil was found on 
dune 50, 1948 at high and low tides at a mean concentration 
of 27/m°. Hydrographic conditions on this date are given in 
Table XXXII. 


Water Selinity Ext. 

Temp. 9C o/oo Coef. pH Tide 
28.5 34.2 0.94 7.9 8 
29.4 34.0 0.57 7.9 L 


Teble XXXTI. Hydrogrephic conditions ob- 
served with Pontella meagii. 


Pontells mea was found only in Beaufort Inlet. This 
occurrence, however, was in the summer, possibly indicating 
@ non-northern origin. Wilson (1932e) says of this species: 


"Wheeler obteined only a few specimens in July and implied 


4 
< 
a 
a. 
= 


Sie tamed sage, 
seetag -S te: dutennnediinns bodtroaen 4 
aoe fy Sncdaa ate iy woddee | Mee, misdawos 6! vee 

“Batasod wed aaa Jf ,.etodtam roded: ed —— P 
avedinotdu- wld at tetxe. denw @oser Lao! é 
enon Dedivoped past. Aener) Ehowee. pansy 

? -Shoqegns te astonce to nodawa 8 


; de® 9a: atve Savasre ont ‘wort: aitabu 10 


grit Bh pry ORY mo 
yld neta qn ak sins cle “eouterognes rourew, te 


i Leoes edeotint Sal: ate ate? a) vinoganed ne 
ea ae A dan00 pronnt aa 


ite Best daw tigess sifetaey 16 Loou: Bah 
solvetineonco gegnse Ya sable we Laat agi te @i 
ae Merle ere eteb aint. sao hii baaw- —ae ‘ 


du Gt intlee 
MO IF Ba .t90R hd co\o . 

¥v Oe O: £0 Bee he a: 
.¥ Fe 10 + O68 2 vi SS 


\ ; a Rube: 


ado ano Ltsonen otdqatgorbyt  CORKK 
ie is Gi £1! Nps | ssbaow _ 0 ‘ 


ate! ae * 4 > ; . Pe ' 
pees id a ‘ = iy wt 
. a 


ie ee Hretar ewetnen ot vice amen 


» 


an 


er i 


83 
that they head been blown in from the southesst during a 
storm. Fish also recorded 1t as a summer form from the Gulf 
stream. Its presence on the 100 fathom line et the latitude 
of Chesapeake Bay indicates that it is a southern form thet — 
etcasionally gets as far north as Woods Hole. It haa not thus 
far been found in the Gulf of Maine. It was found only in 
the outer portion of Chesapeake Bay during the summer, * 


ag Willieme. It may be seen in 
seuc pho 29) bus wes found primebily 
during spring and fall during the time of observation. It 


Wee associated most frequently with temperatures of the 19.8- 
24,8°C renge and with low salinities as may be seen in Figures 
74 and 5. Slightly greater numbers were found at high tide 
(3.4/a5) than et low tide (3.1/m°). Means occurring with 
alues of pH are given in Table XXXITI. 


Means Number 


vo/m pH ‘ Observations 
4,6 <7.9 oe 
1.8 7.9 20 
3.7 8.0 3? 
24. 8.1 14 
Pe >8.1 & 


III) in Bogue Sound. It was not found in Pamlico Sound or in 
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the ocean. 
This is a fall species at Woods Hole (Fish 1925), ana 

& fall and early winter form in Chesapeake Bay (Wilson 1952e). 
It hes been reported from Long Lake in south Florida with a 
Balinity of 15.390/o0 by Davis (1948) and from inland waters 
around southeast Florida by the same author (unpublished data). 
Tllg (private communication) has found it in the Gulf of Mexi~ 
eo. Wilson (1952) found this speeies common in brackish water. 


tus Was found actively breeding in the channel by the 
Duke Marine Laboratory all three summers of the investigation 
although it G@id not always occur in the tows in the Inlet. 
Hales ane females were found copulating, as well as conetee 


with engi sacs. 


This species was recorded as 


presents at high tide on November 4, 1948, and February 27, 
1949, Hydrographic conditions are given in Table XXXIV. 


Water ‘Salinity Ext. 

Temp?c a/oo Coef. pH 
19.2 33.5 0,84 8.3 
14.1 $1.3 0.48 8.1 


Table XXXIV. Hydrographic conditions 
observed with Temors stylifers/ 


In addition to the two occurrences at Beaufort, Tf. 


was found mainly in offshore stations where it was 


relatively comuon (tows 33,35-37, and 39; Table VII, Fig. 11). 


cin Weees were) 408 a oa: ) wanenin’ ter 

Aaseet dott) wad ash eeend mt ato wedabe 9 
ee asin pblweLt dion mt: omtad ged meres 
redo Oaaiat mbar hive (aeer) area Gh soleet.2 

(a? ale Be Sin tidgaass) todstun: ome aid a abies? tong 
atxel Yo Mob edd ng S2 SeuwY aied (notsaotsunnes: bi 
qedew Sg diowrd at nommpeo esiveca sid? bawwt (sven) 
ond ee Laeccade og3 me nalbesrt elovitos ‘Hamel saw | 
nents ‘Mdaevat edd to atoms “oeris Lis eng ato’ 


doit Bed at avod eid ad “taido aysels fou ‘pth 


oatsest e. tow am, ‘eanlzalnged pave? er 


) abs, bebae oo% gar oe tooya: alAt (asad ) pegs 
Who glist: mi aevin et saeltisaoo ois 


tx | eautied ae : 
Hy te0D =o! \o  OSqmeT 


Lies eee OC aNee | OO ee ‘ 
Lf a ee “ae aes. 


sass tbabe saiseemsornieK .VIKE oldo? - « 
sti ty arses eee cittase 4:1", 


aa aE seat atbidate erode To a ’ faa 
ak a il eLeet $ee tome ee Oe 


AY 


Wilson has reported a few specimens from near Woods Hole. 

A single female was found southeast of Nova Seotia in Sep- 
tember (Bigelow 1926). Dsvis (unpublished data) found this 
species in the Gulf Stream off south Ploride and in the Gulf 
of Mexico, and Dahl (1894) reported it from near the mouth 
of the Amazon. Cleve (1900) lists several tropical Atlantic 
occurrences and classes this copepod as a tropical type. 


Although found in lete fall'end winter at Beaufort, fT. 


is almost surely ea tropical copepod. It was pos- 
exbly comand in from the Gulf Stream. 


ra jurbinate (Dana), Temora turbinete was found to be 


most numerous in summer and fall (Fig. 76). In Figures 77 ana 


78 it may be seen thet it occurred more frequently at high 
temperatures and s@linities. It apperently showed e correla~ 
tion with time of day in that lower numbers were found sround 
miadey and higher numbers in early morning and late afternoon, 
It was more numerous st high tides (8.6/m°) than at low tides 
(6.3/a5). Populations coincident with values of pH are | 
given in Table XXXV. - 3 | 
Temora turbinate was found in tow number 2 (Table III) 
in Bogue Sound and in tows 31-37, end 39 in the ocean (fable. 
VII, Fig. 11). It was not found in Pamlico Sound. | 
Bigelow (1926) saye that Tf. turbinata is " a rare stray 
from the south* in the Guif of Maine. Wilson (1952) makes 
a sintlar statement for the Woods Hole area but found it in 
“numbers sufficiently large to give it considerable economic 


importance” in Chesapeake Bay (1932a). It was most 
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Figure 76. High and low tide means of 


Tenors, turbinsts 
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88 
abundant there in autumn and winter. 


Heang Number 
No/me pH Observations 
0 <7.9 4 
hd . we? 20 

5.6 8.0 37 
53 8.1 14 

2.7 >8.1 4 


Table XX¥V. Means of Temo: turbinata 
observed with values of of ; 


“the findings at Beaufort differ from those of #i1eon , (agse0) 
for, unless a different race is possibly involved, Figures Ks 
and 77, show marked characteristics which one might attribute to 


a tropieal especies, insta has been found by the 


author in the Florida Keys and in Biscayne Bay near Miami. 
Davis (unpublished data) hes found it about southeast Florida 
and in the Gulf of Mexico, Illg(private comnunicstion) hes 
also recorded 7. turbinata from the latter locality. In view 
of the Beaufort findings and the occurrence of the species in 
, , ya that 1s found at 


and near the Gulf Stream, the %. turbinat 
Beaufort might be regarded as of tropical origin} if like 
other copepods of this type, it does not somehow survive the 


colder periods in some unrecognized form, 


As may be seen in Figure 79, nauplii were generally more 


numerous in spring, summer, end fall during the period of 
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Figure 79. High and low tide means of 
copepod neuplii. No/m’ in thousanés. 
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Figure 80. Means of copepod 
nauplil wigh ranges of tempera- 
ture. No/m’ in thousands. 
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Figure 81. Means of copepe? “A 
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observation than during the Winter. They occurred most 
frequently at high temperatures and high salinities (Pige. 
60 and 61). The mean concentration was higher at high tide 
(1841/m° ) than at low tide (1306/m). Numbers of nauplii 
and values of pH are given in Table XXXVI. 


Fil tor Number 

No/m pH Observations 

128 <7 ,9 4 “a 
2090 7.9 20 
1753 8.0 3? ee 
1942 8.1 14 os 
1223 78,4 4 be 


Table XXXVI. Means of copepod nauplii 
observed with values of pH. 


_ It may be seen in Figure $2 that this group was most 
mumerous during the late spring, summer and fail of the 


period of observation, Greatest numbers were found at high 


Means Number 

No/m pH Observations 
3,6 <7.9 4 

258 7.9 20 

210 8.0 37 

266 8.1 14 

112 78.2 4 


Table XXXVII. Means of pelecypod 
larvae observed with values of pH. 
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Pigure 82. High and log tide means of 
pelecypod larvae. No/m in thousands, 
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Figure 84, Neans of pelecypod 
larvae with ranges of salinity. 


Figure 63. Means of pelecypod 
daarvae with renees of tempera- 
tire. 
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92 
temperetures and eslinities (Fig. 83 and 94), The larvae 
were more prevelent at high tide (304/m") than at low tide 


(136/m) Populations and pH are given in Tsble YXXVIT. 


In Figure 85 may be seen the distribution of the annelid 


lervae. Most larvae were found at the highest temperatures 


(Pic. 86), although considerable numbers were found in the 


lower temperature classes. Generslly speaking, annelid lsrvae 
were found more frecuently at lower salinities (Fig. 87), which 
is in sccordance with the fact that more were found st low 

tide (159/m°) than at high tide (85/m°). igre snnelid larvae 
were found around late morning and midday than at cther times 


of the day. In Table XXXVIIIT may be seen means with values 


of oH. 
Meang Number 
io/a” oH Sbhservetions 
LBS <7.9 4 
195 7.9 20 
97 8,0 a? 
105 $3 14 
dade >Bia d. 4. 


fable XXXVIII. Meane of annelic 
larvae obeerveé with values of nF. 
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Figure 85. High and low tide meane of 


annelid larvae. 
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Figure 86. Means of annelid 
larvae with ranges of 
temperature. 
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Figure 87. Means of annelid 
lervee with ranges of 
selinity. 
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94 
end 90 show thet 1t was markedly restricted to the higher 
temperetures and salinities. It was somewhat more numerous 
at high tide (2.9/m°) than at low tide (2.1/m5), Occurrences 
with pH are shown in Table XXXIX, 


Means | Nuaber 


No/m° pH Observations 
e) <7.9 4 
3.2 7.9 20 
2.35 8.0 ~ "B?7 
5.35 8.1 44 
i) 78.1 4 


Table XXXIX. Means of mnt Lergestina 
f pH. a 


observed with values of p 


Evedne tergestina was found in tow number 7 in Bogue 
Sound (Table TII) and numbers 23, 32, and 36 in the ocean. 


(Table VII, Fig. 11). Fish (1925) found this species in the 
summer and fall at Woods Hole. Bsker (1938) believes this is 
essentially a tropical species, ae does Cleve (1900), : 


Penilia scmacker§ Richard. Penilia schustkeri occurred 
most frequently in summer and fall (Pig. 91), and was mostn 
numerous at high temperatures and salinities (Figs. 92 and 
93), The mean concentration at high tide(13/m°) was greater 
than that at low tide (5.4/m®). Numbers of Penilie schmack- 
eri associated with values of pH are given in Table XL. 
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Means Number 
No/m pH Observations. 
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fable XL. Means of Pentite echmeckert 
observed with values of pH. 


aS 


Deniiiea schnecker] occurred in tor number 9 in FPocue 


Sound (Table III), number 16 in Pamiteo Sound (Table VT, 

Fig. 11), and in tows 32, 32, 36, and 89 outstde (?ebie ¥IT, 
Pig. 11). Sudier (1902) found thts species in great numbers 

40 Seaufort Harbef in June of 1896. The occurrences of Pontlia 
48 2nG near the Gulf Stream, together with the fact thet higher 
populations oceurred at higher temperstures sugsest thst this ts 


& tropical species, pesslibly brought in be the Gulf Stream. 


This cetegory includes both nauplii snd ecyprids. As may 
be seen in Figure 94, these were most numerous in spring and 
gunner, but there were peaks at other times of the year. The 
larvee were fairly represented in sll temperatmue classes, 
the 14.7-19.7°C range being the highest (Pig. 95). Greater 
numbere were associated with léwer salinities (Fig. 96). The 
gean concentration st low tide (197/a°) was much greater than 


that at high tide (20/m°). Larvae were sore frequently 
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encountered in the early afternoon then at other times. Oc- 


currences with pH are given in Table XLT. 


Table XLI. 


Number 
Obeervations 


Means of barnscle larvzae 


observed with values of pH. 


These were found to be least numerous in the colder monthe 


and lower temperatures (Figs. 97 and 98). Greatest numbers 


were associated with highest sslinities (Fig. 99). Slightly 


higher means were encountered for low tide (39/m°) than for 


high tide (3i/m°). 


Table XLII. 


Means with pH may be seen in Table XLII. 


Number 
Observations 


Means of gastPopod larvae 


observed with values of pH. 
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Pigure 97. High and low tide means of 
eestropod larvae. 
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Tunicete larvae were found at all seasons of the year, 
(Fig. 100) but were most numerous st high temperatures, (Pig. 
101), and high salinities (Fig. 102). The mean concentration 
at high tide ¢32/m3)- tes greater thanithat at low tide tae )- 


Means and pH were as seen in Table XLIIT. 


Means Number 


No/m5 pH Observations 
2.6 <7.9 4A 

13 7.9 20 

42 8.0 37 

51 8.1 L4 

i2 78,1 4 


Table XLIII, Means of tunicate larvae 
observed with velues of pH. 


This group showed a marked peakcin late summer and early 
fall ss may be seen in Figure 103. ‘Uchinoderm lervee were | 


most numerous at highest temperatures and salinities (Figs. 


Means Number 
No/m pH Observations 
) <.9 4 
15 7.9 20 

12 8.0 37 
18 8.1 14 

5.4 >8.1 4 


Teble XLIV. Means of echinoderm 
larvae observed with velues of pH. 
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Figure 100. High anc low tides mesns 


tunieste larvae. 
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Figure 101. Means of tunicate 
Lervae with ranges of 
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Figure 105. High and low tide means of 
echninoders larvae. 
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Figure 104. Means of echinoderms Figure 105. Means of echinocerm 
lervae with ranges of larvee with ranges of 
temperature. salinity. 
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104 end 105). High tides showed greater numbers (19/5) 
than low tides (7.6/m°). Populations coincident with pH 
ere shown in Table XLIY. 


: tt may be seen in Figure 106 that these were most numerous 
in the warmer months of the year, They occurred in createst 
numbers at high temperatures and salinities (Fige. 107 wa 
108). There wes 2 correlation with time of day in that ereat- 
er ‘numbers were encountered in late morning and around midday, 
Hore were found at high tide (7.7/m3) than at low tide (1.5/m5) , 
Numbers with pH are given in Table XLV. 


eeane Number 
, No/m pi Observations 
2.6 <7.9 4 
. 8.2 7.9 20 
14 8.9 3S? 
2.6 8.2 i4 


Table XLV. Means of decaped and 
stomatopod larvae observed with 
values of pH. 


Exéept for the winter of 1949, greatest numbers of Chaeto~ 
gnatha were found in summer and fall (Fig. 109). Several 
samples were identified to species (mostiy juveniles) which 
are indicated ‘on the graph. Figures 110 and 111 sho w numbers 
of Chaetognatha with temperature and salinity. Means occurring 
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Figure 106. High and low tide means of 
cegapod and stosatopod larvae. 
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ranges of salinity. 
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Figure 109. High and low tide means of 


Cheetognatha. e Sagitte elesans; b §. 
bipunsteta; r §. robuste: t §. tenuis. 
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with rangee of temperature. with ranges of salinity. 
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with pH ere given in Table XLVI. Greater numbers of 
Cheetognatha were found at high tide (12/m®) then at low 
tide (s/u°). 


Mear Number 
No/m® pH Observations 
G <?,9 “i 
2.5 7.9 20 
6.9 3.0 37 
12 a.2 « 14 
7,3 >S.i od 


Table XLVI. iteans of Chaetognatha 
observed with velues of pH 


No Chaetognatha were found in Bogue Sound or in Pamlico 
Sound. Outside cecurrences were in tow numbers 15, 2%, 25, 
29-37, end 39 (Fable Vii, Fig. 11). 

The following list gives occurrences of Chaetognatha 
found in Beaufort Inlet which were identified from the 
Albatross ITT) materials 


. Tow No, 


Lit senda wuoy et Gaimare 354,35 
zitte elersns Verrill 39 


17 Doncaster _ 34,56 
2 tenuis Conant 36 


All of the species were obtained in relatively warm water 


except S$. elegans which wes found in the mixed tow at the 
edge of the cold water north of Cape Hatterss. It must have 


been taken in the lower colder layer, for Rigelow (1926) and 
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Redfield and Beale (1940) consider it charectertatic of the 


northern Atiantic coast. 


In Figure 112 may be seen the distribution of nematodes 
foune in the plankton over the time of observations The graphs 
of the numbers occurring with temperatures and salinities may 
be seen in Figures 113 and 114. More nemstodes were found at 
low tide (2.3/m") than at high tide (1.8/m"). Means and values 
of pH are given in Table XLVII. 


Meang Number 
No/ar pi Observations 
0 < 7,9 Me 

«8 7.9 20 

x0 3.0 of 

2.6 8.1 14 

3.6 >Gad 4 


fable XLVII. H#eang of nematodes 
observed with values of ph. 


HMedusae were faind mostiy in summer and fall, as seen in 
Figure 115. Somewhat grester nuabers were found st the high- 
er teaperatures (Pig. 1i¢), and at the extremes of salinity 
(Fig. 117). Mean concentration at hign tilde (2.0/m°) was 
grecter than that at low tide (1.5/m°). Numbere of medusse 


occurring witah of are found in Table XLVIII. 
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Figure 112. High end low tide means of 
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Figure 113. Means of nemetodes 
withe renges of temperature. 
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Figure 114. Means of nematodes 
with ranges of salinity. 
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' Mes, Number 
; No/ pH Observations 
0 <7.9 4 
i.8 7.9 20 
1.8 8.0 37 
Lat 8.1 14 
Q >B.1 g 


Table XLVIII. Means of meduese 
observed with values of oH, 


he eecurrence of small isopods was rather infrequent, as 
may be seen in Figure 118. A few were present at most ranges 
of temperature (Pig. 119) and salinity (Fig. 120). No cor- 
reletion with time of dey was apparent. Isopods occurred more 
frequently at low tide (1.9/m9) than at high tide (1.3/m°), but 
only by &@ small amount. Numbers found with pH may be seen in 


Table XLIX. 


eang Number 
No/m oH Observations 


fable XLIX. Means of isopods 
ebserved with values of pH. 
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Figure 118. High and low tide meane of 
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Ostracods 
 Ostracods were found on three different occasions. Heans 


together With hydrographic conditions sre given in Table L. 


Ph eich ifean Water Salinity Ext. 

te No/me Temp.°C 0/90 Coef. pH Tide 

‘Nov.1,'47 10 20.0 25.5 4.69 8.0. 2 

Jan.2,'48 17 10.6 51.8 5.09 8.0 4 
$1 8 


Nov.4,'48 7,8 19.28 33.5 0.84 


Table L. Hydrographic conditions 
and occurrence of ostracods, 


ay ostracods of Beaufort Inlet and those from the 
Aubetrose 111 material have been sent to Dr. Willis L. Tressler 
for identification. 


| In Table LI ht may be seen that pelagic tunicates occurred 
mostly in summer and fall. The hydrographic conditions under 
which they were found ere included in this table. 


Water Salinity Ext. Tide 

Date Temp, °C o/oo pH Goer. Stage 
Sept. 29, '4? 21.5 31.8 = 2.42 H 
June 30, 48 238.5 54.2 7.9 0,57 H 
Sept.19, '48 24.8 35.5 | 7.9 0.721 H 
Oct. 17,°48 19.9 Sik 8.1 0.47 HK 
Rov. 8, *48 19.2 50.9 8.1 0.84 H 
Feb. 27,49 14.1 31.3 a.) 6.48 H 
8,0 0.58 H 


Aug. 2, *49 28.5 54.8 


fable LI. Hydrographic conditions ob- 
served with pelagic tunicates. 


geal geatT wd BELELW se Oz shinee Aeoa ipa inliedam 


ee 7 
hes 
nh: a) ; 
A \ 
cw 


tare’ .sao fass90 dapro¥ets oe tid ate Liaw. 3 
awk, OLGE® al govt sta sto itLoace ottasagos 


a; 
oe 4 


i 
pe 


wot 

ey 

2 
* 


rnold Loave sligesaowys 4d else? - 
ahoosidag to. Sapaeneliaen evar bas 


oe eae oe 
* BR a Yes 


i 


ns d a ® js ra ae Pf ae 
a Wet sch wis 9s : ‘ art : 
we eins eee : =! Pee me paerkeees 
ba 
2 Ae 


oP ead mert paced? bas tolal gro teas Lo shooiet 
ao L288 


berieno0 ea jeo had aabae dasit aves od. at +4 ue 
<9 both énots thaw 


cahees, es te may 


ehh? ox at “yangtae “a yodat Oe 
RB ee ge? + COG © Hecleaeasn: 


ee ae 
a 2. Ga foes Pee ee at 
1.8 i 


p 

S 

d ot & 

& 

eae 1 

Soe 

= = 2 = L232 

Ocoee 

= fo ee 

; : Os ; 

Somat = 
my 
oe 
3 


ee 
& 
8 
. 
? 
‘ 


ic 2s 


¥ ee, 


114 
Pelagic tunicates from Resufort Inlet and the ocean have 


been sent to Dr. A.G. Huntsman for identification. 


ducifer faxoni Borredaile. Lucifer faxoni wae found twice 
in this study, both times being recorded only as preset. The 
eecurrences and hydrographic conditions which gecompanied them, 
are given in Treble LIT. 


Water Salinity Ext. Tide 

Dete Temp. °C o/oo pH Coef. Stage 
Sept.29,'47 21.5 31.8 - 2.42 H 
Sept.19,'48 24.4 35.5 7.9 0.71 H 


Table LI. Hydrographie conditions 
sbserved wits Li ceiver fe rorid. . 


_M. Edwards. This pelagic decapod was found 


en five occasions which are listed below together with hydro- 
eranhie conditions in Table LII. Only twice was it present 
in quantity; Oct. 16, 1947 - 3/m®, and Aug. 31, 1948 - 7/a”. 
It was recorded es present in the other three instances. 

No Rucifer of either species wea present in any of the 
Fosue Sound or Pamlico Sound materiel. The following are 
oceurrences of both species in oceanic collections: 
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Water Salinity Ext. Tide 

Date Temp. °C 0/00 pH Coef. Stage 
Ropt-22. ‘470 1.5 31.8 - 2.42... 8 
t. 16,'47 22.5 25.4 = 1.80 bs 
Cet. 16,47 23.5 193.9 = 2.00 L 
Nov. 2, *47 20.0 23.3 8.0 1.69 b 

Aug, 31,'48 927.92 34.3 7.9 3.0% as 


Table LII. Hydrographic conditions ob- 
served with occurrence of Lubifer 


rostyiis: shithi Calmen. This animal was found twice; 
at hich + tides on February 7,1948 (4.9/m%) and on November 2, 
1948 (7. fab). The hydrographic conditions under which it 


occurred are given in fable LITT. 


Water Salinity Ext. 
Temp. °C o/oo pH  Coer. 
2.0 26.3 7.9 0,88 
19.2 33.5 8.1 9.84 


fable LIITI. Hydrographic conditions 
observed with Oxyurostyiis gmithi. 


ee were never found to be numerous CEE Ene 
coneas of the study, end were in every ease, recorded only as 
present. It may be seen in Figure 121 that except for e period 
during the latter part of 1948 and the early poption of 1949, 


siphonophores were found in nearly every month of the year. 
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Fieure 121. Oecurrences of siphonophore 
Letters H and L refer to oresence et hi 
or Low tides. 
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However, Figures 122 and 123 show that this eroup occurred 


more srequently et higher temperatures and higher eelinities, 


of the 14 occurrences, li occurred at high tide, Occurrences: 
and values of pH are given in Teble LIV. 


—" Hoe, of Number 
Occurrences pH Observations 


f+ ta on 


Teble LIV. Occurrences of siphonophores 
 goincident with values of pH, 


Pei ohonapharee ‘from Beaufort Inlet and the ocean have been 


sent to Dr. Mary Sears for identificetion, 


Related Areas 


‘The material found in the following sections dealing with 
areas adjacent to Beaufort Inlet does not inelude those spedies 
of animals common to both these areas and Eeaufort, beeause ‘ 


they have already been discussed in the orevious section, 


| The percentage composition of the zooplankton of Pogue 


Sound is given in Table LV. Dates and ecological Gata ace 


companying these tows are given in Table III. 
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€ Potal 
Organisms Zooplenkton 

Copepods,copepodids 35.6 
Copepod naunlii 21.2 
Annelid Larvae 14.7 
Gastropod larvae 8.4 
Pelecypod larvae 7.9 
Barnacle larvae 5.7 
Nematodes 3.2 
Punicate lervae 2.8 
Cladocerans 1.4 
Echinoderm larvae 6.2 
0.1 


Decapod, stomatopod lervae 


fable LV. Pereent composition of total 
zoopisnkton in Bogue Sound (Teble III). 


piers were no enimele identified to epeeles in ‘Boshe 


Sound which have not already been discussed under ‘Beaufort 
‘In’ et." : | 


% Total 
Organisms Zooplankton 

Copepoed nauplii 51.5 
Copepods — 54.1 
Barnacle larvae 10.35 
Cladocerans 2,8 
Pelecypod larvee 0.6 
Annelid isrvae 0.3 
Echinoderm larvae a 


funicate larvee 


Table LVI. Pereent composition of total 
 aeriank ian in Pamlico Sound (Table VI,Fig.il). 
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In Table LVI may be seen the percent composition of the 
zooplankton of Pamlico Sound. This is a compilation of tows 
10-14. Dates and ecological data accompanying these tows are 
Given in Table VI (see also Pig. 11). 

The remainder from Table LVI was composed of small numbers 
of gastropod lervae, decapod and stomatopod larvae, and isopods. 
The only occurrence in Pamlico Sound of an animal identified to 


species other than those mentioned under "Besufort Inlet" was 


thet of Foden polyphemoides (Leuckart), a eladoceran, in tows 
10 and 11 (fable VI, Fig. 11). 


 £ Total 
Organienus Zooplankton 


Copepods , copepodids 44.3 
Copepod nauplii ee. Ye 
Tunicate brvae,Larvaces 6.1... 
Pelecypod larvae 
Annelid larvae 
Gastropod larvee 
Chaetognatha 
Medusae 
Barnecle larvae 
Echinoderm larvae 
Pteropods 
Cladocerans 
 Pelegic tunieates 


ee 


MeO DO ta o 


COCO COCOrRNMY 


* 


Table LVII. Percent composition of zoo- 
plankton in the ocean, tows 15-32 (Table 
VII, Fig. 11). 


fable LVII shows the percent composition of the total 
zooplankton of tow numbers 15-52 (Table VII, Fig. 11) teken 
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by investigators of the Institute of Fisheries Research aboard 


the Penny. Counts of tows 33-40 from the Albatross JIT are not 
ineludec because of the large mesh net. used. 


The remainder of Table LVII was compesed of small nunbvers 


of nematodes, fish larvee, pelagic deeapods, deespod and stoma~ 


topod lervee, end siphonophores. 


_ The following list gives species found in the s¢ean and 


the tow numbers in which they cecurred. Those marked with ean 


eeterisk (*) have not been previously reported from North 


 @lio acicula (Reng) 


lio pyramideta Linne 
_. bdmacine trochiformis (Orbigny) 


_Gladocerans 
_ Evadne spinifers Maller 
_ Copepods 


. *Acertia clausi huésoniesa Pinhey 
~ Aeartie denee Glesbrecht 
 @Acroeslanus longicornis Glesbrecht 
 Anomalocere ornata Sutcliffe 
- ®Galanople suerieane ©. Dehl 
- MGalanus finmerchicue (Gunner) 
 Geloecalanus pavo (Dena) 
 #Cglocalanus stylirembs Giesbrecht 
#Candscia bispinosa Claus 
- #Gandacia pachydectyla (Dana) 
*Centropages violeceus (Cleus) 
“Clausocalanus ercuicornis ( Dane ) 
*Copilia mediterranea (Claus) 
*Copilia mirabiiis Dena 
*Copilia guadrata (7?) Dane 
*Coryeaeus letus Dans 
#Corycaeug lautus Dana 
*Coryeaeus speciosus Dana 


Tow nusbers : 
(Table VII; Fig.11) 
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53 ,24,39 
33,37 
29 


34,35 


19,20 
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30,33,37 
29,30 
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20,22,38 
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40 
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32,36 ,37,39 


oS 
29 ,55 ,57 


Paes faa ainda sistretott ad ad td 20 bctT “ould: be 


son e372 2 morn pact eas wee ba BE atios hy ett 
he Sal ih “iA wr: tH el 


wean ifomd Ye: 


i 


EDI mon davon ot cLouosvirig seats toa wind 
. eredmgn ‘wot ta aie MeN Ru 
Piet - sidet) Rae ey ne 


FE BEE (ane) atu 
A . Niko ‘ wins £, t anne 
ae aa CUintduO): 2 farce thzs 


| : - OS, 8h yedals 29 Soro mtbeset (daniel 
i Hipetdaale: esr a. 
VE, 25,06 digesds, gf Le esis weindie 


| we 


fi ‘Eales | 
CE, $808 bees} vi et? eae 
VE ,8G, 88 8B 2 (dat) ae a Lie 
7s : #6, 88, 55 | ddosideote eRe Diy og 
| Oe. aed pode toa nh 

NES +: ‘¢ cial bah 


6,85 { sata adare: or 
Ge (em. — cant 


Om. 98,88 

“Oe 
“i et, %, a2, 25. 
Gna 


Tow numbers 


(Table VII, Fig.11) 


*Euaetideus giesbrechti Cleve 


Huealsnus attenuatus (Dana) 
Eucalanus elongatus (Dana) 
Euchaeta merine (Prestendres) 


 *Euchirelle amoéna Giesbrecht 
 *Parranule csarinata (Giesbrecht) 


*Haloptilus longicornis (Claus) 


*Heterorhabcus papilliger (Claus) 
*Labidocers acutifrons { Dana) 


*Labidocersa nerii (Krdyer) 
 *Lubbockia scuillimana Claus 
 ®*Lucicutia flevicornis 
 facrosetella aracilis (Dana) 

_ Meeynocera clausi Thompson 

_, @etridia lucens Boeck 
 *Neocslenus gracilis (Dana) 
 *Neoealanus robustior(Glesbrecht) 
 *Seocalanus tenuicornis (Dana) 
 *0ithona linearis (7) Glesbrecht 

“*Oithone robusta Gilesbrecht 
*O0ithona setigera (Dana) 


*Paracelanus aculeatus Glesbrecht 


 *Pontelline plumata Dana 


Pseudocalenus ainutus (Krdyer) 


 Rhinealanus cornutus Dena 


*Sapphirine nigromaculata Claus 


Scolecithrix dense (Lubbock) 


33 
34,37,40 
3? 
33,835,237 
33 


36,37 
32,33,34,36,37 
33,85 ,36,37,40 


33 ,36 ,3? 
2233 ,36,57,39 


33 ,34 


17,20,21,22,38,39 
33 


om 5 ae 


= *Scolecithricella etenopus (Giesbrecht) 37 


55 
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25,26 ,50,55,34,56,37, 


17 ,20,38 


femora longicornis (it&ller) 
23,33 ,34,35,37 ,30 


‘Undinule vulgsris (Dana) 
_ Amphipods 
is Anchylomere blossevillei M.Eédwards 37 


Brachyscelus crusculum Bate 33 

 Hyverie bengalensis (Giles) 32,33 ,36,37,39,40 
 Hyperia crucipes Boveliius 33 

Hyperia gelba (Montagu) 33 

Lycaes pulex Marion 2) 33,34, 

Paralycesea sp. 33 

Phronbmopsis epinifera Claus 55 

Stenathoe «slensis Walker 36 

Themisto ep. (juv.) 33,39 

Tiron australis Stebbing 35 

Vipilia sp. 33 
Chaetognaths 

Segitta enflata Grassi 35 ,34,85 ,36 ,57 


Sagitts serratodentate Krohn 33,37 
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DISCUSSION: 


Rotel zooplenkton at Beeufort wee found to be generally 
at its lowest during thecolder monthe of the year with in- 
creasing nuabers as the temperature got warmer. A similar 
situation wae found by Clarke (1940) in coastal water off 


ong Island. ‘This increase in the warmer months is apparent- 


ly due to the presence of greater nuubers of copepods together 
with the appearance of considerable numbers of temporary plank- 
ters in the form of developmental stages of verious groupé. 
All of the gpoups representing purely larval forms, except 
two (tunicate larvee and annelié larvee), were found to be 
moet abundant in spring, summey and fall. Morse (1947) found 
the same to be true in Ghesspeake Bay in that immature forma 
were genereliy most numerous in the warmer months of the year. 
3 Total zooplankton was found to be most abundant at high 
salinities and tides. This trend does not seem to be due to 
any groups in particulier but seened to be generally true of 


most of the groups counted; The greatest number of copepods 


i 
a 
. 5 ally Rte 7 1s y 
Cat ib ALY) % 
i ‘ , & # : ve 
: , 
A 0 a Cad vv 
. ? t " ‘! ne 
¢ 6 > 
x A 
i 
De S31 s = 4 Wey rae 
* V ee ee ee 
, 4 


2a. ‘ fe en! 
? Tha 
; ' 
ai, i i hole nS 4 ‘ 
~ a he < ? Nw 1 Re 7? < r , Fas 
P fe fe ey A a 
HOT. s DFR fhe! ol wersubyie tee oie 
4 ; U m é 
" " : ; ; tp is os 
; : > 
es iia Ae a: aii 
2 ere RRC eo OR Res Hei atl th ia ol) eg he Ge tS | 
« Le v i 
i 
’ 
a \ 
y c 


Jeers hia ha A yeas? ey oma, pick on 2am 
oy tte # at Soteens, wh (OPEL) as as ("ROMO 3 
Page z af ads NOM. Yatrtew’ got mz sane tant: ahh 
“*%. | OP hy ‘abou MAC: De, sims wih 4 AE 18: Mie a souee stg, ‘: ; 
i. iit We rogHet 36. toads | Mae. oldaxsbtenoe te. DEY 
BEMOLS  avaliey SR ROB Rte LatnecqolLeveb 3G. Sa a 
fyeoxs ,enwet Lerviel eloung solinsreerad ECO 

. aay 


oc Ot bane? otey.. lasvaal difonns og WTR 3 


OO T. age) ne hha AA. Pectresse dR, ad. ae 


ot c od og, ebay 08 ec, baer, 


AY “ae itek 


sd neh bees ME Oe. of Mores. 2 


aaeiest § 


pis HOS. me. he has sf wt py 
* at | 


4 7 
Ap” fa. 


onl ny, 
my ; ut Wilke feels cs 
oa We em a 

hes p 4 vw; +} ie Fae eee 


123 
at high selinities and high tides might indicate in this par= 
theuler case thet the majority of copepods wae derived from out- 
side sources from Beaufort Inlet. This has” more meaning when 
considerec with temperatures and geographical distribution. 

Most of the animals generally considered to be permanent plenk- 
ters were sssociated with high salinities and tides. All of the 
developmental stages but three were most numerous at high sal- 
inities and high tides. With annelid largse and particularly 
barnacle larvae, the reverse was found to be true. Gestropod 
larvae were different in that although they were most numerous 
at higher salinities, greater numbers were found at low tides. 
It is not known et present what vercentaze of the larval stages 
at Beaufort represents reproduction of locel species and what 
portion represents influx from other ereas. 

| It should be stated that there cre so many factors acting 
on the organism in the ocezn, and the interaction of these is so 
complex that it is not safe to say that a given effect is due 
directly to any one factor without the supplement of controlled 
experiments. 

Some of the copepods and eledocerans may be divided inte 
wo main groups with respect to the occurrence at Beaufort In- 
let. The first of these, the summer-fall group, consists of 
species occurring in summer and frequently lasting into the fall. 
The following is a listing of swaumer-fall species which are 
found at Beaufort: CGentropazes furcetus, Euterping achtifrons, 
Labidocers sestivea, Oithone plumifers, Oncaea venusia, Parscala- 
RUS RAEYUE, Temors turbinets, Evadne bergestina, and Penile 
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keri. Also to be included possibly under summer-fall _ 


species because of distribution records ar occurrences on the 
Gulf Stresm are Eucalenus Subcrassus and EB. pilesatug, Nenno- 
acinus Minor. Pontella meadii, and Temore gtylifers. 
‘The second group consists of species occuring most abun. 
Gantly in the winter and spring. These sre Scaarecees eee 
lentroperes typicus, and Qithona similis. 


it may be seen that the majority of these species of cope- 


pods and cladocerans are of tropical origin with respect to 
temperature and geographical distribution. The temperature 
factor, sccording to Sewell (1948), is the greatest singe 
influence on the distribution of copep$ds. It is significant 
that Williams (1948) found 2 womewhst similar type of occur~ 
rence of merine algae at Cane Lookout, about 10 miles south- 
east of Beaufort Inlet: "This locality supports a permanent 
flora in which tropical species predominate, being augmented 
by an annual winter-spring flora with northern affinities and 
and annuel summer-fell flora with tropicel affinities." 

: Copepods of intermediate or uncertain status are the 
following: Coryceeus gmazonicus, Coryeseus americanus, Nicr6- 
Seteils norvegica, Qithons brevicornis and ©. nena, Qithons 
Bpinirostris, and Pseudodiaptomus coronatugs. 

On the basis of the evidence found, only one species of 
copepod (with the possible exception of Hemicyclops) might 
be thought 6 be a more or less permanent or indigenous 
specics. Thie.ig Agartis honsa, Not only was this copepod 
found throughout the period of investigation, but 1t was 
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algo relatively abundant in «ll temperature rangces. Tn s@ai- 
tion, it was evidently capable of tolerating wide Frenges of 
salinity, aa indicated by occurrences at low salinities in 
Pamlico Sound. It was found sore frequently st low tides than 
at high. ae 
a If the temperature renees of greatest abundance of the — 
summer-f211 and winter-sorlng species be compared 49 those! 


of the three regions as found in Figure 3, it may be seen 


nat the ranges of these apecies at Beaufort fall within the 


temperatures whieh appreach the supposed origin of these 


epecies. Thus the temperature ranges of greatest abundsnce of 
‘tropical species lie within that vortion of the temperature at 
Beaufort which approximates conditions at Miami Beach; and the 
‘tempereture rangs of greatest abundance of nortnern( or north 
temperate) species lie within those of Beaufort watel approxt~ 
mate eonditions at Yoods Hole. 
The question now arises as to how these species get bo 
Beaufort at the time of the year at which they are found, 44 
Mae Citi gr that the troolesl forms are brought north by the 
‘uit Strean (Fig. 12) end come into Beaufort Inlet by eddies. 
If the temperature is cold they may not survive, and go are 
found but rarely in winter, There is, of course, the possibi- 
lity thet gsome of these may winter over in a developmental : 
etage. a) I 
he cold water types, on the other hand, present sonething 4 
iin of a problem. it ie doubted that they survive the summer 
temperatures, for Sewell (1948) states that it is more difficult 
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for cold water copepods to survive in warmer waters then the 
reverse. Also, for two 8f the winter-spring species, no cone- 
podia stages were found in summer. This is the type of stage 
in which Calenug finnarchicus is known to exist under unfsvor- 
able concitions (Johnson and Olsen 1948). 

_ The presenee of a mass of cold water was shown to be ex— 
tent just north of Cape Hatteras by the data teken during May 
and June 1949 by the Albatross IIT (Bumpus, private comnuniesa- 
tien}. This 19 thought to be the southern Limit, at thet : 
particuler time, of the south-flowing coastwise eounter current 


0 the Guif Stream. A plankton tow (No. 38) taken early in 


June, 1949 in this cold water showed species of copepods general- 
are us ,Centropazes hometus, €. typiens, Me 


Similis, ano Pseucocelenus minutug.). | 
 Beattered plankton tows taken from the Penny from north 


of Pave Hetteres to the South Caroline line eerlier in the 
seme year (Feb., Mer., Apr.) showed some of theee same species 
Mieeetbates elong the coast to the ertent of the erea inveeti- 
geiecd. Unlese these northern species existed in some form 
which was not recognized end sppeared only under approprtay) 
conditions, which seeme unlikely, they could have reached | 
these places only by meens of water currents end by two pose - 
Bd reriten: Currents must heave carried them southward bee | 
tween the northward-flowing Gulf Stream and the shore. In 
view of the low salinities encountereé in Pamlico Sound, and 


the uneertein cheracter of the water currents which must 
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‘exist there, it ts not likely that the ¢opepode were prought 
down through the sounds. They must, therefore, have been 
‘esrried around Cane Hatteras by « current of water such as 
that indicated by the schematic disgrom (Pig. 12) taken from 
‘Bumpus and ¥ehe (1949). However, the causative factor in 
‘changing this condition to that found from the Albstr 


in May and June where no circum-Hatteras clrewlation wes ine 


dieated, remains to be explained. This may very well be the | 


result of the prevailing winds at Cape Hatteras, aa already 


- ahscusced under “Sydrogrephic Observations,® Por it is at a 


this. time of year that the winds shift from northerly (onion 


“would tend to eause circulation around Cape Hatteras), to vs 


‘southerly which would tend to hinder such etroulation, 


CO Ghee around Cape Netteras the nopepeds ere evidently 


‘@arried on down fairly close to shore by the successive eddies 
where they were found st Beaufort Inlet or pointe south. oe 
the pentative explanation of the distribution of eopepods on 


the Carolina coast is eorrect, it lends support to the theory 


of Bumpus and Yehe (1949) concerning local circulation, 


Certain of the tows taken in the ocean were found to con= 
tain mixtres of northern and tropical forms (nos. 17, 25, 28, 
29, 30,52, and 39), Most. of these were probably a result of 
@ mixing of the Gulf Stream eddy material with the northern : 
counter current population which was brought cown from around 
Cape Hatteras. In tow number 39, however, the situation is 
Bo eent different. his particular sample was taxen (Fig. Ti), 


near the edge of the southern limit of the counter current 
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wherein the warmer loeal waters overlay the colder weter fron 
the north resulting in a merked stratification in temperature 
(See "Hydrographic %bservations"). A vertiesl tow, taken from 
nesr the bottom throuch the two Isyers of water, sempled both 
kinds of populstions resulting fn a mixture, Tow 27, a few 
miles to the south, showed 9 completely tropical population 


while Sov 38 to the north was completely northern in make up 
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SUMMARY 


Surface plankton samples were teken at approximately semi- 
monthly intervals at Beaufort, North Carolina, over 2 period 
of two years. Supplementary collections were examined from 
Bogue Sound, Pamlico Sound, and from the ocean adjacent te 
Beaufort Tnlet. 

Observations also were made of the ecological factore, 
such as temperature, salinity, transpareney, pH and general 
meteorological conditions, Temperature was found to range from 
4.5-29.90C, average of 19.7; salinity ranged from 17.7-35.40/o00, 
ielicage of 30.3; transparency ranged from 0.46-3.09 (extineion 
coeffiekent), average of 1.03; pH ranged from 7.5-8.3, average 
of 7.9 ( most values were 7.9-8.1). 

4 Counts were made of the Beaufort samples of the groups en- 
countered in the zooplankton exclusive of protozoans and 
etenophores. An sewerage of 12,217 animals per cubic meter 
was srine for the entire oeriod of study enc it was found thet 


the zooplenkton was generally more abundant in the waruer monts 
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of the yeer. The groups enumersted, together with the per- 
eent of totel zooplankton, snd time of greetes{ abundance were: 
copepods and copepodid steges 59.52%, spring, summer, end fall; 
copepod nauplii 20.80%, svring, summer, and fall; pelecypod 
larvae 6.20%, spring, summer, end fall; ennelid lervee 3.11%, 
peaks ocourred throughout the year but highest in warmer months; 

eledocerens 2.74%, summer and fell; barnacle larvae 2,22 4, 


“ing and summer; gastropod larvae 1.56%, spring,summer, and 


fall; tunicste lervee 1.38%, peaksdoccurred at many times of the 
year bat those in summer and fall were highest; echinoderm 
lervee 0.86%, summer end fall; décapod and stomatonoed iarvae. 

0. 88%, spring, summer, and fell; Chaetognatha 0.42%, fall ané 
winter; nematodes 0.12%, peaks not perticulerly restricted to 
one time of yeer: medusee 0.11%, summer end fall;. In sddition 
to these, small numbers of isopods, ostracods, pelagic tuni- 
cates, pelagic decspods, cumeceans, end siphonophores were 


found, Others not occurring at Beaufort Inlet but found in the 


ocean were pteropods, Larvacea, end pelagic amphipods. 


ae Of the groups mentioned, copepods, cladocerans, Chaetog= 
natha, pelagic decapods, eumsaceans, pteropods, ana pelagic 
amphipods were identified to species. For the entire study, 
the number of species found in these groups were: copepods= 
72, Gladocerans~- 4, Chaetognatha- 6, pelagic decapods- 2, 
cumaceans- 1, pteropods- 3, pelagic amphipods- 9; a total of 
97 species. 

Attempts were made to show correlations between the eco- 


logical factore observed and the various groups counted in the 
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zooplankton. The fector of phytoplenkton 26 food for zooplank- 
ters was not given special consigerations, but the peaks of 
| abundance generelly coincided. It does not seem feasible to 
interpret the factors of pH and transparency at this time, 

- The three mein groups of copepods in the zooplankton were 
found to occur in the following percentages: calenoids 57.78%, 
eyelopoids 37.69%, and harpacticotds 4.53%. Twenty four 
species of copepods were identified from Beaufort Inlet an 
the course of the study, ell of which were new to North 


Saroiinal Each species was considered separately with respect 


to fluctuations in time and occurrences with ecological face 


tors. Summer-fell spe@ies at Beaufort which ceeur in trooiesl 
Pestone ares RR futestus, Zaterping geutifrons, Labi-~ 
ervus, and si ciebiiibcitbiinete Although the following species 
occurred infrequently at Beaufort, they have been reported 


from tropical regions: Eucalanus suberagsug end E. gileatug, 


inter-epring species at Beaufort, which were commonly found 
at Woods Hole were: GCentrovageg hagatus, Eentropaces typicugs, 
end Qithona siuilis. Those of uncertain stetus are the i 
lowing: Goryeaeus guezonicus, Corycceus guericanus, Uiero~ 
getelis norvesics, Qithons brevicornis, Qithona nana} 
QLthons golnirostrie, and Eeeudodlatowas gorouatus. °ne 
bidekas, Agartia tonsa, is thought to be indigenous, In 
adettion to the species found at Beaufort, 46 different 


species ef copepods were found in the ocean, 56 of which have 
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not vreviously been reported from North Carolina. A possible 
explanstion wse given 28 to how the copepods appeared at Beaune 
fort at the time of the year sat which they were found, Tt is 
thought that the troplesl species sre brought northward by the 
Gulf Stream end shunted tnshore by eddies between the Gulf 
Stream and the shore. he northern species are poesibly 
brought down from 2 cola water counter eurrent to the Gulf 
Stream which was found north of Cape Hstteras. This necessi- 
tates 4 change in the cireuletion sround Cape Hatteres whieh 
whant be due to concurrent chenges in prevailing winds. Onee 
agoune Cane Hatteras the cold water copepods would be earried 
Gh Gann the coart by the sueceeshve eddies according to the 
theory of Bumpus and Wehe (1949). The distribution of the 
copepods studied from February to July, 1949 off the North 


Caroline coast lends support te tuis theory of circulation. 
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